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TITLE OF THE INVENTION 
ACTIVATION OF REGULATORY T CELLS BY 
ALPHA-MELANOCYTE STIMULATING HORMONE 



FIELD OF THE INVENTION 

relates to the regulation of 
The present invention relates 

T cell-mediated inflammation. 

BACKGROUND OF THE INVENTION 
The induction of a delayed type ^sensitivity 
(DTH ) response is dependent on activation of 

h ■ hi cells (1). The activation not only requires 
producing Thl cells i ^ a 

cognate antigen presenting cells, 
3 0 ^environment that favors ^^^^ of 
of the DTH-mediating Thl cells. To regulate 

^ several mechanisms are physiologically 
a DTH response, several 
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io\ In addition, 
and anergy (2). in 

soluble factors Murse o£ a T cell 

oeU activation can also influent can 

response (3). «- e(£ector responses «hile 

f avor expression of spec ^ ^ ^ ^ that 

suppressing others (4-8, . neuropeptide „-melanocyte 
ln the presence of .^ttd thl cells 

stimulating hormone Co* ; ion but continued 

were suppressed in their I* V ^ 
,-f.rate suggesting that 

to proliferate, * itles ,9) . 

^■pfpctor T cell activx 

selective effector 

4 c ar 



20 



25 



30 



H is an evolutionary 
The neuropeptide « ^ ^ ^ 0 ^ t ic 

conserved « ideCaPePtl ^ otropic „ormone IACTH) *ich is 
cl eavage of adrenocorticotropic ^ ^ 

in turn a po-trans a 10 al P ^ 

was described as a P ^ ^ fc a . MS H is 

m elanogenises in amphibians ^ • transmitter 

abie to mediate potent in functioning 

activities; however, suppresses 

a3 a -» oi - ,nM " 0dUl b at ° r hogt aefense mechanisms of 
inflammation mediated y ^ (T 

innate .endotoxin ^^tory activity has 

cell mediated). «s anti necessary 

, that «-** *» nctlonS 
suggested o£ inI1 a»ation. 

physiological regul ^ 

^ of the first indication of^ £ ^ 

■ i^une and nervous systems «ss n -e ^ ^ ^ ^ 

mediated by the " Intra cerebroventricular 

endotoxin (^viewed m ^ and 
(icv) injection of 
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<j fever. Peripheral 
inflatory - -e ^ ^ ^ 

- iections . o£ in.— 

concentrations then Injec tions of anti-a-MSH 

effective in ^ CHS 0 . MS H activity enhanced 

antibodies lev to neutral! ^ addi tion, during 

— ^ il ;;:r;; e co cen^ration in pi— and 
acu te phase responses a HSH u) _ These 

in discrete sites of the « ^ ^ 

findings and endo to*in to rebate the 

response to 

of the febrile response, 

intensity of raspo nses induced 

.ocali^ peripheral ^^Jj ased by a-MSH ( 
by IL -i, and endoto* in are - £ 

regardless i£ «-«SH is delrver^ ^ ^ 

or direct iniection to s uith „- 

interferon (IW)-Y ^""'y,,, nlt ric o*ide and m 
MSH are suppressed in ^ ^ 

producing THF and d-*» j respQn3e to 

presses in ^ ^1 Lrther indicate that 

endotoxin (18, 19)- ""V o£ infl a-atory cytokines 

c-MSB antagonizes the ac ^ a . MSH induces its 

and also their synthesis- ^ ^ ^ rece ptors on 

own production and expreSS1 a -MSH can regulate an 

prophages <»1. autocri ne mechanise, 
inflatory response thro g ^ ^ 

Th erefore, various ^ turn re gulates the 

trigger production of In travenous 

— o£ f ^1 " - ""i; 

injection of «-*» indu ction and regional 

chemicals suppresses (20) ieading to 

expression of contact hypersensiti i y^ ^ 

„„ <f ; r tolerance U 1 ' • 
hapten-specific 
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."laical concentrations induces 
, that c-MSH at physiologic* Jt 13 

found that u _» 4 ~ n presenting ceil 

n-XO production by antigen P to leiance to 

.JL that a-MSH indirectly P hapten - pr esenting 
possible t production by nap , t ., ted 

ha pten by inducing 1L 10 P vitiated 
J c .herefore, a reguXatory cy ^ of 

couid suppress both indue ^ ^ 
oltact hypersensitivity - ttat a . MS H can 

ne t»or,c does not preciu de thej ^ ^ That 

dlr ectly ^° °i; me o£ the present invention. 

^sensitivity (W, « 
Suppression of delayed typ VP ^ ^ 
m ediated in part by <H« ^ ^ fUUng the 

ocular microenvironment <». aqueou3 humor, 

, v^r- of mammalian J ,...; tv was 

anterior chamber of ^ ^ act i,ity 

contains bioactive o-WB I* ' ^ suppr ess thl 

neutralized, agueous humor J ^ vl£ro „>. 

activity by activated P"^/^ anUge n and antigen 
cultures of .hi cells their inl -y production 

cells are suppressed in , ma£ fected (9) ■ 

presenting cell „„oiferation is "natie 

by »-«SH, *ile their prolif needed by T 

Thla observation suggests that t ^ by a . MSH , 

lens f or ^° duct ; o ;; £e ; a ; t o„ «. »* • 

uh ereas the signals for pro ^ , oell5 a re 

slnce hoth the antigen pre "ng ^ ^ „e 

a£ fected by «-MSH. °^ on of W » 

pretreated 1th *>J ^ proiiferation 

'profoundly pressed H = ^ ^ 

again is unaffected .9, . ^ are ^pressed 
that t cells are ""^"J^, when activated in the 

in mediating inf^-atory a - * inventi on results from 

o of a-MSH . The presen TCR _ st imulated 

presence of q£ a . MSH on 

characterizing the 
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. + the T cells are 
, T cell s, which has shown that 
PriW lis for «-MSH regulat.cn, and 

ta - et 06 of xtt-Y ^ " t d h U ir expected 

suppressxon of frQm thcir exp 

deflecting Thl cell essi ve response- 

inf la^ator y response toward . ■ J ^ ^ mechanisms 
Over the past 30 to the understanding 

of ocular i-ne P**"^ mediated ln part .V - 
that it is - active prooa- factors 
constitutive production ^ pr ivilege 

Thin the ocular ^^ e5S Ruction of an 
evolves -chanis- the eye. *» 

U— tor, i— • -pon ^ q£ 
mentioned, this suppress^ o ^ ^ b 

the eye & 3 ~ A7 The 

to antigen m us hum or. 

^suppressive factors foun iiron osuppressrve 
constitutive expression ^ regional iraM ne 

.actors appears to regum* « ^ ^cenvironNent. 

»„d intensity of an 
W activation, to anti gen sensitivity 

ceu response is not Urn: ^ ory m ec h anis.s to 

al one, put aiso to iocal ^ as a-MSH, can 

uhion neuroiogicaUy -rived - ^ that tne 

contrive. Xnis BOUnte d in proportion 

„ st e£t ective i«ne ^ ity o£ tne affected 

„«h Preserving tne eJ!a ^e of regional 

tissue. A* -^'"r^ mt croen,iron»ent of «- 
W nity is «- »— ^ Jm. thi. ,icroenviro«»ent, 
ocuiar anterior cna*er ^ - ^ ^ are 

del ayeo type nypersensxtrvrty ^ ^ ^ 

qH A9 This suppression i b4 _ bQ 
suppressed. an terior chamber, 

constitutive^ Produced wxthxn 
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,. aes are present within the ocular 
Specific neuropeptides P ^ 

mic roenvironment that help ^ exDre ssion by 



in neuropeptide expression 
Changes m neuron f 

-, ocnri ateCl V 



30 



suppression." Chang asso ciated with 

neurons that innervate ocular trssues 

BlO 

Loss of iimnune privilege. nsuDDression in eyes are 

, > + nr .<* 0 f the iromunosuppressiui 
The mediators t demons trated by 

found in the aqueous humor as ft ^ ^ 

Kaiser et a!., who suppressed varrou « ^ 
a ssays with norma! aqueous umor ^ Thl 

cousins, -ho showed that when * eel ^ 

— y -;r P ^ ~~ - . — 

to mediate the expected K , M More 

adoptive transfer of DTH assay in • ^ ^ 

u^c hPPn reported that P^ ulc 
recently, it has been P ^ 

activated in the presence or aqu M - such 

£ rom an expected T U response ^ ^ 

r-resrr-ber^a.eoushnmor-induced 

regulatory T cells can suppress DTH. 

, factors in aqueous humor have the potential 
Several factors j. . m r1 ^ 

effector T cell activxties. 
to influence effector expe riment S examine 

fac tors in a q ueous humor he * ^ stimulating 

hormone (ot-MSH) ana « ^ ^ presence 

p2) , „ induce -gu.atoryj ce s ^ ^ 

o£ a . MS H, activated pruned T eel P^ ^ 

suppressed in their I»-Y P"". ^ 
a _ MS „, which is independent of 1,-4, has « 
„_ MS H mediates difxerential responses in 
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. t *-„ n Recently it has been found that TGF-(J 
stimulation. Recently j- 

mediates its own production by T cell, *»■ These past 
finding failed to snow whether or not these 
immunosuppressive (actors could have a role in 
apparent induction o £ regulatory T cells by a q ueous 
humor. The finding presented here definitively ^ show 
that c-MSH alone, or o-MSK in conjunction with TGF P 2 
..ediate.s) induction of TGF-p-producing, regulatory T 
cells that suppress DTH and may be Th3 cells, 
addition to the direct immunosuppressive effects of these 
aqueous humor factors, the regulatory T cells they induce 
m ay also contribute to the normal immunosuppressive 
microenvironment of the eye by the cells' TGF-P 
reduction and suppression of Thl cell activity. The 
results here suggest that within the normal ocular 
microenvironment, there is a potential for Th3 cell 
induction that supports the immunosuppressive micro- 
environment of the eye and that possibly mediates 
peripheral tolerance to ocular autoantigens . 

More specifically, o-MSH, which occurs in aqueous 
humor, has recently been found to suppress IEB-Y 
production by, but not proliferation by, activated 
effector T cells. »" This suggests that o-MSH may 
regulate regional induction of specific effector T cell 
responses. The thirteen-amino acid long o-MSH (1.6 kDa 
», is encoded within the proopiomelanocortin hormone 
(POMC) gene, and is released from the POMC protein 
through two endoproteolytic cleavage steps. B12, B13 It 
has a fundamental role in modulating innate host defense 
m .chanisms in mammals, which contrasts to its original 
description as an amphibian melanin-inducing 
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ic and central Sections of «-HSH 
B14,B15 systemic anQ by 
fa inf lavatory responses u _ 

suppress innate xnfl tQ ada ptive, 

• TL-1 and TNF (as opp macrophage- 
endotoxin, IL a _MSH suppresses m 

mediated i^nity) . • n . tric ox ide 

reac tive oxygen of inflatory 

Hnn as well as pru own 

generation, * J ^.. ion a-MSH induces x 

, Bl6 -B21 in addition, macrophages 
cytokines. 15 expression on the ma 

oHuction and receptor ex P lam matory- 

^ — -r — - 

Icrophaoe ^^J^onses to che^ines and 
arid neutrophil chemotac ^ prophages, 

microb ial ""^^ neurons, and poss^V 

ke „tinocytes, p0MC . are sources or - 

any «U that can synthesr* ^ (tM 

B21. B23, B24 Sormal — ^ * , co nstitutively 
MSH. Bi1 ' anterior charcoeri 

fl uid fUUno the ocular ant 7 

eltpre3 ses. on averse. 30 ^ ^^ulatorv 

«ch is —» aMUt V " „ hi ch contains not only or 
. „- M SH and of aqueous to— * Houe , e r, 
!V also TGF-P 2 and many unlmou n about 

«„ — » - - ns; _«-■ » 

e , ent work shows that regU i a tory T 

The present CD 4+/CD25+, regu 

f TGF-p-P^ oducing ' , , h(sr effector T 

induction of ss the activation of other, 
cells that suppress the cell -mediated xnfla 

m *. c a-MSH suppresses x pho 

cells- Thus, a n=> nr oduction of T ce 

H^tes selective procw indu ction o 

tion and mediates mediated 
ki nes. enhances 
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regulatory 

induction. the discovery that 

The present invention ^ ^ or a rmed 

treatment of ^ plating — ^ 

aloha -Melanocyte ^ rrowth Factor-p^ ^ 

a P -vh Transforming Growtn T 

conjunction with ^ expresS both 

activates regulatory T c ^.tion 

marker, CD4, and the phe notype) . 

helper marker, suggesting a f 

CD25 and produce TGF p act ivation of 

CD "' , t cells suppress x 

These regulatory T primarily of the 

an ocular a ice at the 

antiqen, e.g.' iniected lIl<- , - , 

1a torv T cells were mo duce 
induced regulatory imro uni Z ed 

time that they were ^ the miC e 

m i ce was supy*- 
in those mice 

n t autoimmune disease. pr0 vides a 

symptoms of aut . nventlon p 

Therefore, the P or disease. Ei 

- for any autoimmune disor foe 
treatment f or • Y ^ q£ a _ MSH a nd 

a _MSH alone or a ^ t0 generate 

^uT^r« — tigen 0 r^-- 
^ — r::- - us ed to ^ 

— * t^:: Sile the -ulato:^- 
transplant graft re D e i£lc , they can 

, . , rv-MSH are antigen v targeted 
activated by « MS antigenS that 

g enerated against tran P t 
by the immune system during 
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. is needed for 

R egulation of T cell ac- « ^ ^ ^ 

gaining tolerance b : lac tors produced « 

regulatory " ~ ^roenviro^ent. One of 

cel ls -Itbin a localized tissu ^ neuropeptitJe , - 
these regulating favors suppresses 

oogenic -^"^ * they are activated in «» 
H»ting infla—ation "hen proliferation, «- 

enoe o £ c-MSH. "J^ possibly the 

^ presses H-Y e^""" (TCR) -stimulated. 
MSH suppress ^ 

secretion of tt * treate d T cells pr 

ptiB ed T cells. ««* «" r _ p2 . p roducing T 

enhanced levels of an d suppress I»-Y 

cells have Th3 cells characte a . 

. ■ ™ bv other activated Thl a . MSH 
production 6! activity is a resui 

„SH suppression of Thl cell « ry T respo nse 

gating the Thl o£ «-«SH enhanced 

a *3 response »e P ^ ^ o£ CD3c 

tyrosine phosphorylation of CD Ration 
cLins. Hence, a** appea - TcR . assooiate d signals 
through induction of „ Mdla te induction of 

ln , cells. *- ahUity « neuropeptl de has 

an important system especially 

• -r,r< oeripheral toiexa uhic h contain 

maintaining 9^ P brain , wha.cn 

e as the eye ana 

tissues 

titutive levels of «-MSH. aCti vated by 

COTS t: -ugh the regulatory - ^ „ _ 
„. HSH in an antigen-specific. - ^ ^ 
specific and general to the ^ ^ presenc e 

* ■ . a regulatory T cell is a been 
TMt 13 ' ' ^tiaen to which that T 
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* „ mch but once activated, 
prime., an d by - ^^[^r^ generally, 
lt Please, factors that a e activitie s 
..e., factors that suppress 

o£ other, effector , cells, pr-xxy iM „ ul atory 
Therefore, the i-unosuppressrve o ^ 

„etho d of the invention does - re, n ^ ^ 
regulatory T cells to all the t» transpiantation being 
the autoimmune ^= order ind uction procedure can 

regulated. " - ^ ^ that i3 inj ected 

be standardized to a spec ^ tran3 plant site. 

into the -" iM " Une - diSe t a ;; hat My su «er from dating 
- accessible tissue s t . ^ ^ ^ 

immune responses, can the exact 

of th e invention, without ^ ^ ^ tM 

. the immune ^ e5 F uuo 
antigen triggering rf autoiiranune 

"rile ar 1 chalcteri,ation of the 

disease, there 

targeted autoantigen. provid es a kit for 

Thus, the present invention also P ^ 

m r*plls (e.g.f ncii-v^ 
culturing and treating ce of a 

peripheral blood, -*> - - ^ ^ . Mt er 
specific antigen and antrgen p ^ 
incubation, the a-MSH-treated T c s «. 

- — ~ - - — ° £ 

MSH, a specific, target * a _ 
^ufacture comprising -""^^tory T cells. 

MSH and target antigen to generate « g ^ 

optionally, the Ut may also include T«^^ ^ 

conducive to generation o ^ be 

n= nf the invention. ^ c v 

producing T ceils of the ^ be a „ 

lnc luded in the ^ a ^^^^^ T cell that 

autoantigen, so as t« y 
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. „ t he autoantigen and re- 
specifically recognizes ant . ge ^ ilternat ively, 

esteblisbes tolerance to « »ould 

th. target can be ^ ^ . nyention that 

still generate regulatory auto i»une response 

are effective for ^ t ne regulatory t 

or a host-versus-graft re , ^ ^ cytokines 
cells would stiU produce T J^.^ in£1Mmator y 

necessary to **.-»^«» sample3 o£ the target 

response. Preferably, at 1 ^ ^ {or 

antigen should be inclu rn , ^ 

adding to the * «^» lBto 

are to be generated, and o ^ ^.^ ^ ^ 
the diseased 

transplantation srte of . gene therapy 

Ihe i-ntron also ^ cells 

protocol for treaty ^ ,u ^ gives them th 

are transected «th gene Qn the 

ability to produce and secre ^ ^ ^ 

Bethod of cellular transfect^n ^ ^ ^ ^ 

to produce c,-»SH c* be worary „. MS „ 

temporary, or long-tern, and p ^ ..^^ 

producing ability -ul ^ inteor ates 

transfection", »»erea tne ce ll's chromosome(s) • 
the transacting ^ ^ approaoh is preferred, as 

Ttl e episomal tran ^pable, risR of 

" — 3 r V tn Reeled ceils into cancer 

transformation of ateria ls could be applied 

M Us. The transf ^ f ^ a nd genetic 

erectly to the eye as - ^ ^ ^ md 
ma terial, and would enter J£ the 

into the of the anterior ch^er an ^ ^ 

pXasttid is properly constructed, 



PCT7US00/01608 



10 



15 



WO 00/42856 

- 13 - 

In this way, the 
b eco»e a source «« * « M 8S ^ « 
«„noregulatory ^ , t a la vel that 

. localized tissue —en'ir ? cell _ ne diated 

(1 , down-regulate regu latory activity by 

Lotion, and ,2, T ;;r il s, b ei, g activate, at the 
ptiffi ed T cells ^ o f tnoceasW cc-MSH production 

P tis3ue site. Turning on «^ uveiUs , uoul d 

„„» suffering from » u ...-establish 
within an eye su uveitls and re 

suppress the infia-at.cn of ^ o£ 

th e eye's — *~ ^ „ ^ «-«SB wcuid taper 
epi s»ally transfected ceUs genetic 
J,, in time, as ceiis ^ ^ ^ e 

matter. ^^"^J^U relatively K--^- 
evidence of -in, stahie an ^ ^ ^ 

.upre would appear e pisomal 
Therefore, there re peated ep 

continuous treatment ^- • • „.„SH> . 

tra nsfection with genet- -« ^ depend on 

Th e frequency autoi-une disease in 
th e conditions that p 

the first place. therap y involving 

Th e invention aiso provides ^ treated 

oi-MSH for use in -"^"^ to implantation X 
„ ith th e "ansfecting -t«i P ^ -y ^ used 0 

qta ft transfected ^ t cells ^ « 

m ediate activation of ^ appUcatio „ of the 

transplantation the need for tissue- 

present invention could e U« ^ reoipien t 

typing to determine gra ulth „-«SH genetic 

compatibility- «aft trans ^ ^ £rom any 

serial wouid also all » navmg 
cther.se suitable *£JU»*« ^ ' 
compatible ma^or 
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• a pttinq, a more lasting 

with an a ^ e< 
not *«U, i—-pr ptesented herein, 

The experimental ^ expressing on 

den onstrate that a ns CD4 and CD25, 

thei r surtace ^ ^ f e3 I ce o£ 

expand when actuated in P ry in aotivl ty, 

, CD25 - T oeils are known to be , ^ ^ a _ 

MSH in the uethod o he P ^ peripheral blood 

obse rvation suggests that ^ pre3ented 

CD4/CD25-positive cells, susceptibility to 

au toantigen. could indicate a ^ ^ ^ ^ o£ 

. specific autoi—e blood could serve 

CD4/CD25-positive T cell, m pe P ^ indlvidu al' s 

a3 a prognostic indlCat ° r or relativ e ris* ot 

.sceptibiUty « — ne dr. ^ ^ ^ ^ ^ 

Figure 1 » » 9 tdlne uptake (CPM) . 

— tio : d : irrepi--- — »> - 

in response to T cell ^ rations of «-MSH (pgMD - 

- —e * various concent^ ^ ^ ^ 

Fig ure 2 xs a bar grap mulated in the 

production by pruned T cells 

presence of ot-MSH; cytometric 
-a nrpsents the results oi 
ngure 3 P" 3 ^ and IL . 4 production by 

— " ^st » ted in the presence ot — , 
primed T cells TCR stin 
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, TGF -P production ipgW 

c i S a bar grapn a Hotl alone or 

Figure t TC R stimulation 

. j T cells in response to 
hv primed T cexo. 

— — rrrr^ — -it-- 

Figure 6 is a trea tment on tn 

sh ows t h e Xon,— e«e= .« ^ re onse 

s ti«iated P^ed T -U. « a-MSR «—»« , 

to TCR re-station on day ^ rf SDE .^ E 

Fi aures » and ™ * a£ter incubation under 

anaiysis o £ P*- * ^ l thout „-«S„ and .it, « 
va rious conditions: «th . ^obiottina «th 

■thout TCR stimulation, » 
" ^^vrosine antibody,- response 

anti-pnosphdtyro^" sho „ ing DTH P 

wnure 8 depicts a bar in ear 

as ured by ear swelUng, x.e., 
• ™ire as measurea ot j. 

in mice a function of the 

thickness (um), as ^ the nice 

*. rpd including whether tre ated with 

administered, 0VA - P rimed T cells 

inj ected with — ted 

aqueoUS humor ^ ^liferat^ 

Figure 9 is a ^ / conce nt rat ions of 

ftf T cells in response to 

Figure 10 is a grf* P either ^ or-TGF 

5 as a function of * - ^ ) ^ ..stimulation 
« 2 was added (Hours TGF P 

^ of a-MSH; , tal TGF-P 

in the presence of showing total 

Figure 11 xs a bar ^ either TGF pi 

. ;„ cells treated with a TGF-p 
eduction - CSl Qf the timeat which 

or TGF-P2, as a tun 
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activated effector T cells. 

regulatory T cell actlVlty . shouin g DTH response 

i-tgure 13 depicts a bar cha ^ 
j v, v ear swelling, i- e " 

in mice as — 6d by £ ;; ction o£ th e type<s, of T cells 

thickness (urn) , as a f u ^ mice «ere 

Ministered, including ^t ^ ^ ^ ^ 

cx-MSH and TGF i 

' 20VA " >; the mean uveitis score in «-«SH- 

Fi gure 14 shows the — experimental 
treated and untreated mice affiled 
autoimmune uveitis (EM) . 

DETAILED «C««I« OE THE —» £M 

f t cell activity is 

Regulation of J igens . One of the 

M i„taining tolerance to ^ ^ by 

regulatory -^^; S ; r d :;:; iro :ent. one o £ these 
cells within a ^ n „ ti de, melanocyte 

regulating factors s t ^ fcy ^ „ ork 

stimulating hormone («-WH) . » in£lammat ion. »- 

herein to -"^T^. are suppressed from 
demonstrated in Example I, aGtiv ated in the 

ediating intlammation "hen they 
m ediatmg ^though there is 

presence o£ »-MSH. production and 

proliferation, suppresses ^ ^ 

possibly the secretion of IL- ^ ^ T ^ 

stimulated, primed eel . ^ .^-producing 

produce enhanced levels of ^ and supp ress 

T cells are — f ^ted Thl cells. 

IFS . Y tere ' that „. MSH suppression of 

Therefore, it ■»•& 



30 



10 



- . PCT/US0O/01608 

WO 00/42856 

« MSH apparently deviating 

enhances tyrosine P ^ suggest3 that 

o£ CD3 E chains. «>» ion through mductro 

could mediate i— in t cells. - 

o£ dl££ erential, ^^^n of TG^-P"™ 
ab iHty o £ «-«SH - --- - tws ^ - 3 an 
regulatory T cells «* in mediating ana 

rant systemic and regional U33ues 
important sy toler ance, especially 

staining P*"^ ^ bra i„ -ere a-MSH 
such as the eye and 

constitute P-sent. ^ ^ rf 

The ocular microenvironment micro e„,ironmeht, 

t egional i-»«y. ^^nsitivity «*» £ 

fr delayed type "Vf t by 

expression of del inores8lon is mediated m p 

a This iromunosuppressj- 3rtPUO us huroor. 

suppressed. This in aqeU ous 

c-MSH has ° " T ce iis (thl) • 

by activated effect ^ 
Ihe events of "^.^ reg ulatory T 
de termine whether ^ eBe regulatory » cells 

cells could function » adop trve 
„ere examined for therr ^ m (OT H. . » 

f « of delayed-type hypersens 
transfer or factors, o-»» 

J ..-™ two aqueous humor tac . nduc;e 

- — respeotive 

regulatory T cells. o _ 

30 cells were assay 
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with inflammatory Thl 
the , intravenously ^ antigen 
Tls into syngeneic «xc the pinna of 

• cells (MCI were xti 3 ecte 
presenting cells measured 24 

P ar and swelling w A 0 in the 

the mouse ear a act ivated an v 

. j T cells were also assaye d for 

pres ence of pr oductxon along 

prolife—n and 
ability to suppress 
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ty to suppress " ^ humor - 

The E «» P ie « result3 D ; H I edia ted *y 

, j T cells suppressed lnduc ed "hen 

treated " „ activity «» £ 

• ™ regulatory T ceil in the presence or 

^ /cells were activated » vitro i 

pi r X- iy 4 h :: r u t - - 

"f^: Sue, T cells Prol i e ^ ^ 

° ..ting that a-MSH ac tivity 

TGF-P, suggesting regula tory T cell 

r P-nce - ^J~ZZ^~*~ . 

" on ----- POSSl I 

k te further to the thtough 
contribute une privilege ot the y ^ 

^environment and i &y thelt abili y 

th eir production o £ ^ soc6 a 

suppress activation of Thl ^ toleran ce t 

^suppression «, „ ptevent induction 
ocular antigens that 

ocular autoi—ne diseases. ^ 

~ in Example 

„ light o £ the nndi • g , reg ulatory , 

ca „ mediate induction o t 
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le ill were conducted to 
^he experiments in Examp cell _ ro ediated 
cells, the exp suppress T cex 

m«5H's ability to suyy > and „ to 

examine a-MSH s aut oimmune disease) 

inflammation (e.g., ^ " by effector T cells • *"» 
reg ulate P*-**^ * ^ into m ice at the 

JsH was injected ^«^ tlxm , the severity « 

* npak retinal eianif icantly 

time of pea K 1 (BR0 ) was sign 

Rental — - thit _ activate, » 

j Effector T cen produced 
suppressed. proliferated ana p 

X in - P—~ ^ TGF-P- -ever, 

«n as enhanced leveio a -MSH- 

IL _4 as well as « suppressed. 

^ tt-10 production was supy foy 

IFN-Y and IL H as regulatory T cei 

m ~>lls functioned as r y 

treated T cells prod uction by 

in vatro „„*-witv was the 

suppressing ^ regu latory activity 

. nrv T cells. This y The refore, 

inflammatory CD25+ T ce lls. 

Hnn of a-MSH-treated, cu ind ucing a 

function of .^suppression by 

a -MSH - d ate ; ression of lymphCine product^ 
differential expre functions m 

• „ activation of regu regional 
induce actx w taKe part 

This thSt „ oressit m and po^ibly pe»P 

„,,„isms of ii»nosuppressio „ use<J to suppress 
M ° han Thu s. H« <=» 66 "Intolerance 

t0leranC8 ' disease and possibly to re-estabUs* 

autoimmune diseas 

to autoantigens. 
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toantigens. 

t o „ is described f-tner by way 
The invention is 

n mi ting examples, 
following, non-limitmg 

MATERIAL AND METHODS 

For TCR-stimulation, 
■ w and Cytokines. D iego, 

aatobodxes an Pha rmingen (San 

4-^r.dv 145-2CH rroi»_ ,^~ d maximum 

a nti-CD3e antibody ion t hat stimulated m 

a used at a concentrate d Thl 

CA) was used produ ction by the P 

proliferation and I™ Y 
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tn the sandwich EWSM, capture 
cel Xs <~ ^ ■ ™ b T otinyl ated-detection antibody 
a ntibody BV.4-10U and b»t»* ^ ^ ^ in( . Y 
BV06-2 4G 2 were used for ^ Wotinyla ted- 

assay used capture antrbo V ^ pnarmi „ g en. 

detection antibody XMG1 , ^ systems , 

Re combinant mouse ' , COTbridg e, «) -re 

M i„neapolis, « «- ^J^c *» «« 

U5ed for standards « *^ anti _ CD4 antibody 

Ct— try. Pharmingen's FE «! 9 (anti _ IL -4> and 

J nd ^c-conlugated a**-^™ ittd a-MSH wa, 
XMG1 . 1 <antl-x™-V> «~ « ^ and purine* 
£rom P eninsula J In addition, Santa 

huM n TGF - P 2 «. _ ^ RSD a ^ CR) anti -C03. antibody 
croz Biotechnology (Sant anti - h „ster I* 

s and antl-003, antibody pi- i-unoprecipit atlon and 
ant ibody (Slo»a, were ^ ^ co3ta Mesa , «> 

antl -phosphot y rosxne anybody 

£o r immunoblotting. ^ ^ v . vo primed 

^ IT*** — tinstitut I 

, 0 T cells were obtained ft- £oot 
M eeding pro,.-) J slcoat ed Mycobacteria 

infection with 0.5 mg the dralnin g 

tub e KU lo- U enrlch ed, ». -3 

popliteal lymph node, the mouse T cell 

25 "J now cyto-try analyse » ^ 
" enrichment coiumn ^ Corning, *> — 

„ ell , round -ttom Plate < 50 ul of of~MSH 

ad ded 100 pi of T cells (4 * ln setM - 

(30 pg/ml , and 50 ul of 2011 ant £M 48 

30 £ree culture media Culture supernatant were 
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. IL _ 4 and using the 

..ific for 1^ Sn B The serum-free 
(ELISR) specific p> The 

, rcL-64 bioassay f° r dilution of 

standard CCL l640( 

(93 \ was R^u , st> louis, 

culture media cne mical, sr. 

1P 7 5 % BSfc solution (Sxgm (CoUa borative 
sterile <- 3 T mo + solution 

1/50 o dilution of KS+ assayl n!l 
MO), I' 500 k „ Bedford. MM- anally 

proliferation, the * «U ^ ^ ^ 3 H 

Luhated for 24 hour,, th ^ „ the 

the cultures were paper u smg 

Th e cells -e collected _ ^ us ,ng 

pLate Harvester * ^ Counter. 
W allac 1205 Betaplate 

Assay. Tne wellS ° f 

Linked Ifflffl»no 8orbent AsSa " rd , CA). 

Sandwich Enzyme Lxnk te (Falcon, Oxna 

a, well flexible microtiter ing monoclonal 

a 96-weli x ug/in i cap 

with 50 ui . in su 

were coated «■»• anti-"* «) 

an Uhody ^-™-\ Ue r ,,*».«) Che " 1Cal, e 
carhonateA—ate ^ ^ ^ ^ 

The plate «. — "t riune ,«» ■ 0.««% *~ -» 

„ > The wells were u ^-ek (Pierce, 

<„ash buffer), the _ o£ 5upeI bl«k 

wells three «~ pl o£ condign ^a 

was ad ded and th ^ ^ tl „es ^ 

temperature, the w ^ ot 1.0 u " 

a „ti b ody was ^J th „ a3h huffer followed W 

aw) washed three t«- «* o£ 1 mg/ml st repavrdm » 
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buffer, an d iuu h C A) in 

calactoside ( CP«S: co lor was allowed to 

.if. !- 5 - J 3 J! ^ -nsitv of «- 

develop h °7 o ;t T ecan » ELISA plate reader 

* " 3 03ing . standard curve created 

at a .avele.th of S70-. » - containin known 

from the OD of »eUs on th. concentration of 

concentrations - ^J^^ ~ 
lymphokine » the 
calculated. 

„ tota l TGF-P, I" 0 111 ° £ 
^ • - meSSU ; eated according to standard 

conditioned »edia was ~« ^ ^ the m edia P« 

t0 2 and inched for 1 « ^ lslIa0H: » 

neutralized -th 20 ,1 ^ ^ , pH 

HEPES returning the culture P ^ ^ used n 

t „nsientl, acidified condrtro + ^ ^ 

che Mvl,u assay; diluted • ^ 100 ul of 

„ells of a Falcon „ e re added with « 
dtl uted transiently ^ ^ _J ; MCC , Kockville. MO, . 

Ihe plate was ^ated for 2 ^ ^ 3H _ 

— * ^ Stlts tit! for an additional, 
thymidine and the Plate ^ M ^ o£ 10. 

supernatant was discar so lution 
hours. Super Malkersville, »"> 

Iryps in-E^ ^-^'th. Pl-e was incited for « 
„as added to each well and £il ter paper 

m i„ute at 3TC. *» « US 



15 



20 



25 



30 



PCT/US00/01608 



WO 00/42856 



" ter » -d counts per 

. M a Tomtec Plate ««vest« usinq a 

using a i« 3 H-ttiymidme w rounter. 

f incorporation ^ C r-tntilla tlon Coun 

( CPM) of xnco p scmtn 

205 B etapla te ^ activated T« p 

WlUC f known amounts o£ a red in «. 

20 ng/rt to P9 , ^ a standard curv 
s a»e P-te for °*<?£J ^ ,n tne sa.pl- 
the concentration of 

• „ and fl°« cytometry. T 
„ For i-mosta.nxng an 
«~ ^' M US, -e opined " prese „ ce 

^ ^ — * ^ KR r:- ^ centr,^ 

H.scribed above. Tne (1 „ 
o£ <,-«S» as descr ^ bte£eldin/E BS b ^ 

and cashed once » ^ uer e resu 

« 10 uqMl brefeldm R) „! ot 

PBS , 10 uq /bte£el din and were 

an wasned once .1* 200 ^ (10 

Ration nd w ^ ^ 50 ^ , ^ 

centrifnqed, and ^ ^ 0 . 5 , ^ 

* PBS ' ' tes at room temperature. T ° 

tncubated 10 ' ° e control 

• rtns 2 ug °t „ TTC _ is otype conv 

suspensions or FITC ^ 

antibody lantx-IL 4 incubat ed for 30 » 

dded The cells were PB s/saponin, 
^ Mature, washed — ^ ^ ^ . The 

ro0 ra t«»P buffer (10 ^ buffer 

W ashed once with ^ ^ ^ o* » and 

C6llS of PE-con^ugated anti-CD* ^ 

containing 2 ug of temperat ure. The and 

^ for 30 minutes j. pus/BSR butter, 

in cubated for in , m l of BBS/ ^ an 

centrifuged, res P a gnap ca p 

stE ained through nylo 
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* buffer cashed through the 
. Al x ml of PBS/BSA buffe ^ EpicS 

additional 1 » analyzed by 

. The stained cells w luo rescence, 

presented were the 

— in ~ dimeMlons d — z 

^*~***«»». * ell Corni*. P-te were «B 

plated f or « ^ ^ ana 

under :: - f :r pla ce d * • ^Hule «-> - 
d nee 1* « * " £ Tot cold 

,W P-V^-nHonvX ^ oell3 were 

Rprot.nrn, and needle s «> ree tube s 

additional 2 Pi addi tional 30 «a™ tes 

„ ere incubated for an addi ^ , The 

on tritu,ed tor 20 4 total cellular 

„ ere centr.tuo ^ used as j; 

— ^7 t" h lysate S were added 20 * ^ 

1JSate - It -C03, antibody pX» ^ CD3e 

a Ttti: d — * T" CO- was bound by 
IgG antib y ^ o£ the ant i b ody 

i.unoprecxp^atxon ^ and hams ter 

2C11 a halter anti overnigh t 

vWs protein-G). and plsc ataway, 

" Mkly " epharose beads ^-"^ ly sates and 
Sroteui-G sep antl body-containxng d _ ovei: - 

— Sdd 1 " h u at roo» te^erature wit- 
iucubated tor 1 « uere centri^ed and 

times witu 
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" Z \ were resuspended in 20 & 
v> the beads wei<= Tris- 
the nnal wash the non - r educing SDS 

After the 2Q ^ non fQr 

* distilled water 0( C A) , 

of lp buffer (NoveK f San & 8 _ l6% 

glyC ine sample bu ^ ^ (20 > 

■„„tes and appl iea , (flovex) • 

5 cine polyacrVl-ide ^ blot 

ei ectro P horesxs * • transferC ed from the g 

, the proteins were eleC troblottmg 
module, the f ex) toy e hQur 

,-. ,i n qe membrane . n ni M TBS roi 

ni "° Ce las W o C ,e d -1* » BSR ^«as cut i«° »° 
..embrane » a3 bloc ked membrane tain ing 

w om temperature. » ^ , sealabl e bag 

0ne piece was conjugated 

5 ml ,i» antibody « 2 0 ^ 1>Jted place d into a 

an tib=dy diluted lA ucte incubated 

- — r e ^r- «. ...» 

! o and incubated lx, untU banda appeared. 

™ e 1 « E T-BCXP (Sigma „ at er. *- 

substrate NB ^ distll led ^ 

The membrane was uere ^ 

CD3 P«« in ln to a ne„ sealable bag ^ 

» BS " WS t UnHbospbatase connate* anti 
5 - ° £ ^ d Ued X/ * "Tbe membranes 

ano incubated ^ ^ ^ „ uf£ and . ^ 
„ ere washed 3 t an<J „ ash ed. 

w vrate until bands apy analyz ed using 

substrate tap hed and t0 ba „d area 

then digitally P ^ ^tensity 

„ to integrating 
software to 

mlnus background. 
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. • The a-MSH- 
T Cell Activxty. m 
MS „ *>r » ^ as described above «ere 

ttea ted TCK-sti^ated je ^ ^ ^ at 25 „ x g 

cul tured for « * P einatant discarded. ~* » 

TO minutes and suy g (4 x 

the wells of the a cu iture supers 

„ as essayed -^/U Xatec , ^ - 

W i» <»* - dia s ' i; he conditioned »edia «• 
>. for 12 houIS , ,cll antibody. The 

L5 i"» teted . £or fresh -edia and 2C11 ■ 

,aain exchanged tor additional- «» 

a9 ltures were incited tor a „ ere Ir esh 

cultures discarded, anu T H e se 

cent rif»°ed, -P« nS " nt J ls and 2CU antibody 

were incubated tor ar ^ wic h ELlSA- 

» CUlWe T was assayed tor I«-v by -nd-ic 
supernatant was as 



25 



30 



. t On TCR-Sti^lated T Cell 
o-MSH Has KO Effect 8B IFN-Y 

--rnr^Hwa,^ W . - 

reduction b Y ^J^^. aU ^associated 
. ,, P d whether «-MSH supy Additionally. « 

lnVeSt ;i; s or oniy I--* ^° dUCUOr " Ua to affect both 
""'has been shown to have the poten ra ^ 
MSH has been } and a 



MSH nas 

■ nresenting cexj-=> 
antrgen P rea 
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~ as t o whether the T cells 
obS ervation ^e it uncerta. ^ ^^essive 
could be a direct tar.e ^ a _ MSH on RP c 

activity- To eU-nate th ^ 
activation of T cells, -- ^ M> t^xcu^ 

CD3+ T cells fro. ^ f wit h anti-003 

AlsOr the T cells that stimulated the T 

oril at a concenx.i „j lire IFN-Y/ a 

antibody, 2C11, a ., fera te and produce 

cells to ;f 8 iespon3 e. *> e^ine the 

Mxim ued «»° ™ previou siy 1 *T 

possibility that «. * due to 0 -»SH 

oppression of »^ P Nation, the enriched 
I^ression o f »1 ceU act,-- ^ ^ ^ a „ d 

t teUs «» ,CB-sti»lated in t ^ ^ ted n o 

pro H £ eration was assayed ^ 1£eratio „ (F i,ure 

e«ect on TCB-st^u^ted ^ ^ TCR . as30 ci»ted 

fnre ot-MSR has no ex 
i\ Therefore f 

sign als uediatino ratlon of priced T 

i depicts the prom 
Figure 1, ^ response 

> ^o:%o n oe n t I at i ohs ;:;r l ^-. uniMdl da S s 

dral ni„, ^ °\^ u osis were enriched and 

previously M. tutero ^ ^ antl 

incubated (4 « W ^ de clinin 9 concentrations 

25 CD3E - "» Z c uitures was added 0.50 

o£ a-MSH f or 24 hoars, *> inoubated £ or an 

uCi o£ »H-thy»idine and they and 

* . .124 hours. The cells radlo iabel. 
additional ^ incorporated r 

, rf by scintillation £or of eight 

°° Un i results are presented as c» - 
30 The Fig- 1 re3U 

independent experiments. 
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a tl-4 secretion by 
IFN-Y production and TL 
W ,HSH Suppr ^ Y / cells . 

TCR -st^ated ^ affected 

sin ce TCR-stimulated P-U ^ selective 

is possible that « cu lture 
bv oc-MSH, it is P assayed the 

stated activities. lls TC R- 

SUPer ;T d in - P^sence of ^ ^ , cells 

stimulated in _ qged when the p^ 

Auction was suppressed phyS iological 
IFN-Y productio ^ pxe sence of PW 

were TCR-sti^ ated shQwn in Figu re 2. 

7 ig a bar graph showing the ^ 
Figure 2 is a TCR -stimulatea 

bv primed T cells ob tained, 
reduction by P ^ T cell s were 

presence of cc-MSH. d incub ated to 

L and cultured as in Figure ^ by 

enriched ana ^ ,.,-t-ants were assayeu 

ho urs. The culture •*"»" n ptesent ed as «/-■ * SEM 
ct t^a The results are y asS ayed 

upern.tant were -^"^ J. y in «™ ° £ 

. <- Q the levels or absence of 

comparison to t TCR _ stimu lated m the 

enriched primed T cell 
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production 3- s 
a-MSH. TT _ 4 since its P^ 

assayed was H' 4 ' ^vitv countering 

Also assays activity 

^uere* an no, - ~* ^ 

gupernatants of any 

^ Sh0,,n) - . . „-«SH suppression o £ «^ 

^ • hv T cells , 
production by 
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" 2 of «- M SH was assayed by 
lls activated in the presence o * T cells 

C .try The a-MSH treated TCR ^ £or 

flow cytometry- surface -eKpressed 
pre stained for sur freq uency of I 

tracellular I«-Y ^ toward lower levels 

1 cells substantially shxfte 
positive eel ng in CD 4 3 

° f intraCe 3^o as sho.n in ^ , f 

* of f*» cy- t c ^ ^ 

Pr6Sen , r IFN-Y and IL-4 production by P ^ ^ 

intracellular ^ V ^ rf or**- ^ 

TCR-stimulated xn tn v ^ The 

W ere obtained and enriched a , ^ xn 

,9 x 10 6 cells) were xncu ^ hQurs . 

T C6ilS ( e of ot-MSH OO < in roe dia 

me presence or C ulturea 

th , enriched T cells w gd wlth 

Unstimulated, enr t ^ were 

/- anti-CDJ)- saponin a^a 

*„r- intracellular surface ox 

in saponin buffer. The gtained 
an tibodxes xn . P ugate d a^ 4 - gating on 

we re stained wxth FI f ^ cytome try g 

pllB were analysed by two Qua drant 
0 enic proliferating 1 ver tically and 

the blastogenxc, P ^ ceU s ver 

Placed to separate CD3 hor tzontal. 
were placea con trol on the 

•,,„»ted isotype con^ histograms. 
PE -con3ugated ted among the h ing 

cell density was equx expe riment repr 

cexx from one r percent 

th. lower right-haad °* «« „ only the 

j t cells was H miu sorted in the 

Therefore, the a decrease m 

30 cells - a . ants was due to 

culture supernatants 
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: ■ ■ T cells striated in the 

frequency ot 

presence of a-MSH . detected xn the 

E ven though no IL to hign er 

,»nt by E^fc, there was stimulat ed in the 

supernatant by + T ce Us 

4- a -ininq i n tn 4-he primed ± 

n f IL-4 stainmy tn e V 

nf a-MSH (Figure 3) • expressed 
presence ox ore sence ° r . t he 

. ^ in the P re detected m 

activated nQ IL -4 was q _ 

that II * these experw he 

tine span o£ C , TCE - S tit«alated "> 

tM primed thl «» S . in their I*« 

Th ere t ore, P^ ^ ^pressed J- Th2 cell 

presence o £ . ^ devl ated 

production and are 
response . 

a Pruned T cells- 
action of W^-P P . that TGF-P 

MSB Enhan^ 8 Woductxo sug gested that 

o-MSH Enn lerance models have regU lating 

The oral toJ.ei« „,fant role m 

T cells have an .mportan ^ been 

producing * eel ty 125-29). q£ , 

- ^tlat - » considered . » ^ „ 

S T te t0 contrast their suppres^ ^ ^ , 

CSl I-ons of Thl and Th2 cells. ^ nQt 

i^une functxons of ^ f or Thl 

, T rR-stimulated m x. lvm phoki.nes tor 

cells ICR s^ prototypical con ducted 

to determine **» ^ lym>h o>cine ^ 

M uld P^oce the Th3 TCR . stl „ „ 

Th e enriched pr>* ^ the cult ure 

o nf a -MSH as betor , 
presence ot a 



20 



25 



30 



PCT/US00/01608 



WO 00/42856 



31 



.0 



15 



20 



, he TGF-& bioassay 
A , nr total TGF-P using the TGF p 
uere assayed for tota 

figure 4) . TGF-P production by 

Fig ure 4 is a bar jrap, ^ ^ 

prim ed T cells ^H-stxrnulated ^ as in 

Prim ed T cells were ^J^. Afte r 48 hours of 
Figure 1 under ^^ ant waS collected and aU 
incubation the culture sup ^ transient ly 

TGF-£ in the supernatant - ^ ^ „ of 1M 

acid ified with IK HC1 neut a * d supernatant was 

HEPES: m NaOH. The transiently ^ lmg 

assayed for TGF-P t as 

endothelial cell independen t experiments. 

TGF~P> „/* * - * Z detemin ed by Student. *- 
Sig nif icance (p - - ^^ns in cultures of 
test between p and T cells activated 

activated a-MSH treated T 

th e absence of a-MSH. signi f icantly enhanced in 

Thus , tgf-p p^;; n ; c ;: sti : ulat ed pri- * cells. 

cul tures of «^ H - treated ' p T r med Thl cells that are TCR- 
The refore, when in vivo, pr«- TGF _,, 

, in the presence ox 

stimulated » expe cted IFN-Y* Suctl 

.«-■!„ tt-4 but not the exy 
possibly IL 4 ' 3 ceUs . 

are generally considered to be 
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30 



I£ c-MSH is i^" 1 " 9 ls should be 

£uncti on. th- «~ W — iated 

reg ulatory in ""J 1 * * betore , incubated, and then 
in the presence of " med Thl ceUs. ™e 

mix ed wit* ^-"^ttls o £ activated priced 

a „u„t o f P-d U ced i cu X ^ ^ ^ 

tta „ suppressed t>Y ^ 
Thl cells v/as suyy 
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Ulires as shown in 

presence of a T ce lls 1 

KB-.ti-l.t-l P- ed J ° actl , ated u ith anti-CDS in the 

ceils, were enrich and act <+ o£ _ 

pre sence(«-«BH ♦ ant.-CDSl or ^ ^ cells 

Lh ,3. Mta : i 48 e e ; pri ^ 1» cell* ,4 x 

M ere »i*ed with - f " 

10 » cell,, and anti-CD3 ant^cd* ^ ^ fcy 

ho urs. The culture superna- , ^ ^ ^ 

sandwich ELI SA . Kesults ar P conc entration o £ 

SEM of eid h t independent e*per ^ ^ 

s IFB -v in <»!«». - nta 7^ lficantly oppressed (P - 
„f a-MSH was signing T 
presence of « M ^ none of 

0 .05) in comparison to 
cells had seen a-MSH. 
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ICR _ 3t i»lated in the 
In addition, T cells inxtxal ^ twioe 

presence of **» ^ " .body - the absence 

(Day 2 and Oay S) with antr T» ^ ^ Jreshly 

M c H still suppressed IFN y v 

acti ,ated pri^ « «U; ^ long te - 
Figure 6 shows that « t cells. 

ieg »latory activity - J- - 

primed T cells ,4 X 10> eel s» ^ ^ ^ „. M s„ 

ulth anti-CD3 antibody « the P >+ . 

(a-MSH * anti-CD3, or absence centti£ u g ed 

iteI 48 hours of incubat^n *. - 

and resuspended in fresh ^ ^ again 

-rr:--r:» u- - — - 
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hours (day "0 • 
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15 



. al 48 hours (day • mixe d 
an additional 10 * cells) * 

• the treated T cells < 4 lQ 5 ce lls) and 

incubation the ^ ceUs (4 

,, th freshly enriched P . hours> T he c 

t - -CD3 antibody and cultured ** ELlSA . 
^ t was assayed for ^ * * q£ eignt 

sup ernatant wa ^ ^ pg/rol ^ 

- UltS d ar ; T^ents. —tracUvated in the 
^ fit Z»» * ^ p - 05) sussed 

CUltU of a-MSH was si g nif <P ^ had 

presence of ^ none of th g 

in comparison to cu ^ that « MS 

uou This observati func tion m the 

seen a-MSH . re qulatory * unc _ f 

a p^nent an, sta b * « g medlates induct- 

oeUs . ^ tMy Th3 ceiis. 

Iun ctionaUy ac-ve, lnMti „«d 

0 -MSH IMMncM CD3i 

ecl «d T-C.U- . o£ lyn phoKine P-** 1 " 

stnoe th. !»*<*»» f i9 a possibility that 

. v.d to TC*-sti«lation, th « the ^SH-engaged 

1 ,T Tar signals, emanate «» slM 

intracellular si th ^ 

* elanOC Tuon o £ C03 -lecules 

phosphorylation ^ ^ x ^ 

influence oo» deroons trate that «H t 

respm3 es m. >• nulati on. ^;; £ j SH ueie 

CD3E chains, 

phosphotyrosine. ^ in nguI es ^ ^ 

^ t The tyrosine P-^^e J-nce « - 
— cell* «K-sti»lated in «- 
in primed T 
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, (2 x 10 6 cells) were 
<rhed primed T cells l p0 

MSH - ^ C ant 1-CD3 in ^ ^ e lls were 

inched wit* «*x Unstimulate d enriched . - 

pg Ml) for * - nUt ^' The C ells were washed and y 
1t ured in media alone. The antl -CD3^ 

Uodies l*> « ed by ^reducing SOS- ^ 

inm unoprecipitates were an foy transfe r to a 

16» qradient gel) r 10 ith an ti- 

incubatea ab sence of 

TCR-stimulated in the pre sence of « 

ed T cells TCR- stimulated m } ^ the 

^ .■mers were detected at 42 M) ^ 

Tn e CD34 doners ^ at 55 

hPterodimers were iram unoblot 
CD3e heter & simu ltaneous ing the 

het erodi*ers) W ^ on the same gel 

plated T cell V 

an ti-CD3C or ant procedures 
^precipitate and ^ ba c,ground 

r elative intensities of the ^ ^ CD3e are 

r orde r, for CD3C are 4, 1, ^ nta tive of 

lane order, iromu noblots are 

1 1 10, 1°* 

^ on t experiments. presence 

tte ptU»-» d increaS e m CD34 y 

o£ „- M SH (*3). ^ a 6.7 *> atlmo lated » 

l.tion than the P»med addition, «- 

phosphorylation ^ w , . m 

absence of o-«S« «T ation of cm 

MSH stimulated tyrosine p (f .. gare 1M . 

" , d in unstimulated pr«»d q£ tyrosine 

4 fola 111 ^-ffpct on trie 

re of a-MSH had no effect timU lated and 

presence of chainS of TCR 

phosphorylation of 
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•7^ Therefore, it i 
• ula ted primed T cells (Figure IB) - ^ due 

unstimulated P n rf tW cells by ^ 

possible that the cia ted signal 

!„ a-MSH mediating a also further 

dent of TCR engagement. The fco 
independent oi cells are 

that in vivo primeu ce lls. 
indicate that deviat ion mto 

a-MSH, resulting m 

DIS CUSSI0 N OF ****** 1 ^ cell 

activated primed T are supP ress 

TcUted in *e and no* produce I*** 

t heir expected product.cn of W Y M , media ted 

their indicating that t ls _ 

and possibly IL 4 cells in to Th3 

a deviation of the . an d now function 

15 ! » cells continue to proper 

Such 1 cells ^ appears th at 

— regulatory activity in ^^ tlBfl 
SOroS ° f t -ine phosphorylation ^ ^ here 

different- - r prot eins. - 

20 from engaged T vsiolo gical role for 

20 imply an important phy * . ^ This rol of « 

plating P-'^J^ in tissues such as the bram 
MSH is important •■^J^ tituti v.l, present, 
and the eye where ot-MSH is 

The r esults — ^J ti M v ted primed Th cells. 
25 , production by the acti can 

lymphokme proa demonstrate that 

the results « c f pr naed m 

Moreover, tne developmental or 

t-he functional cieve v the 
influence the more xn lm 

cell , Sue* - - tlonal 

30 — " ndl ;L b V — action " ^"^ fot 
cells is *^ ate<1 as IL - 12 for Th! and 

specific cytokines, such 
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" 36 .iv c-MSH has been shown 
Th2 development (29> . ^ by suppress^, 

to act in a ^ "^^^ «* cells <»>• 
auction of IW-V W *f that the influence 

However, the P«sent resul n ^ ^ 

cell functionality 
o£ c-MSH on Th cell ^ inductlon 

mediated deviation to Th ^ £ 

E esponse. It has ^ ^ *™ ^ 

Th3 cells can be mediated y _ the 

neutralization or *»«<- * ^ be mediated by 
auction of a Th3 response co ^ as an 

antagonist. ^ in 

Tne potential for H» t ^ cytoUn es. 
. manner similar to i^^. T here, 

has recently been found rn . G . protel n 

through its I P th e W l/S«l and ST«2 

ass ociated receptor ac" ^ -y ac on , 

signal pathways (34). ™ tta ^ regulatin g T 

cells H*e other ^ iaUon ^ ™ 3 " 

cell development and <U««- ^ melan ocortm 

i. not yet Known which o ^ the 

„, expressed on I «ii activate 
receptors are exp ability to 

„-„SH receptors have a .» ^ intraoeU ular 

W/STM signal ^ S I ndicate that the a-MSH 
slg „alin„ ^e .- S ; a 1 c t t S „ ith the TCB, ^ to 

r eceptor must somehow Qf cim chains. The 

enhanced tyrosine „ ie lat— to - 

threshold of T cell acti tyrosl ne 
extent of phosphorylation ofj ^ ^ protel ns 
ba sed, activation motifs (IT ^ ITRMs ate 

(31. 3«. *» ^ Jtiation of the differential 
phosphorylated influences 
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. from TCR engagement (3 . 
slgn aUng Pa^ays emanating ^ tyrosine 

36 Th e ennanceo ^ ( ° o£ the effects of a- 

activity W ^;: d ; a : ith an a- » 
cM in pnosp.0 ,,1-txo aX 9 ^ ^ 

3lgn ai in tne act-ate, ^ ^ ln 

Ih e result of acting * ^ rf £unctl x 

Q of ot-MSH is tne dev iated by 

the presence of ^ have bee n dev 

reg ulatory T cells- The ^ response (IF V 

a -MSH away from . on mediated by «- MSH maY " 

. i This deviation meax ig a 

production). This tisS ues where tn 

ortant function of «-!*» and bra m. 

importani: such a s 

constitutive presence of « ^ promot e the 

The presence of bioactive autoreactive T cells- 

. „f Thl cells, including in 
suppression of ppre35ion h as b-» 

Sue* a -»SH-m environment . T 

the immune ptivxj. * „^ an t factor m «v° au 

«ch is an important j. e to be 

23) . Whether «-MSH is orivi ieged tissues is 

'° • -vv in other immune privi ^ be an 

cell activity m ov. . Hpnce that a-MSH may 

there is evidence in 
seen; however, ther func tions in the 

important regulator of 

(31)- .^^ of ot-MSH treated, 

The most dramatic ^aracte-st ^ The 

25 lis is their production 

primed T cells is ^ ele vate 

. nf such T cei • ^environment, 

activation of localize d tissue microenv 

concentration with- a local cQuld influence the 

L elevated *** ^ .ng 

30 — ° f ( 3S^ ne '- -1 of — — 
responses (3« 
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ld direct ly and indirectly, through TGF-P- 

US3Ue . Slt V:en^ ^ "Lte the Action, intensity 
producing T cells, iim une-mediated 

= n d resolution ol an 
du " tl0n ^ „ (38 40). Therefore, by elevating 

infla-atory response (38, t ^ a 

the concentration of a-MSH m a tissue n ^ 

EtfTH response, «-«SH would suppress the 
part by repressing IFN-y production by 
inducing TGF-p production by Th3 ceils. 

and inflammation. It also is P like Th3 
^differentiation into -3 cell • - _ ^ 

cells, the — f oth r tlvated Thl cells, 
inf lavatory activity of „ nera ted to a 

Th erefore. if such regulator ^ ^ „ induce 

specific antigen there MSH . rich fl uid of 

antigen-specific tolerance. Srnce th ^ ^ 

th e eye can induce induction of Th3 ce 
possible that «-«SH mediates tol ranee 
a utoantigens through the induction ^ of Jh3 ^ ^ 
the ocular microenvironment. 

_strated that a syst^c elation «^ _ 

f „_msH. activation of Thl cena 
in the presence of « «H. Tgf .producing T 

their develop, t - guppresg ^ inf 

cells (i.e., Th3 ) antigen-specific 

activity of other ^^^^ of a-MSH could 

immunosuppression observed in the p 

ve ry well be perceived as tolerance. 

.r-Hvitv of a-MSH described 
The -uced to secrete 

here, suggests that n 
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ly be prevention of an 

*W- <*~ "° Uld "o the potential to induce 

inflammatory response, bu ^ througn 

i„une tderance to aniens ^ ^ 

induction of antioen-specr ^ organ 

realized «-MSH treatment I > transplanted tissue 

gI afts may induce « 1 « aI> " . £ 0 , MSH is delivered 

antigens. « is aiso poss* - ^ ^ along 

lnto sites o £ autoimmune restoration o£ 
uith suppression ° £ through a-BSH-induced 

t olerance to the autoantxgens ^ evolution arily 

autoantioen-specific ™ < d tes . connection 

conserved "^^l ne systems that can be 

betuee „ the nervous and antiaen-spec^c 
exploited therapeutically 



15 immune responses. 



20 



25 



»«• . . (6 -8 weeks old, -ere obtained 

BIO.* and BALB/c mxce ^ „ ete 

£rom Jackson Laborator.es (B. £or the 

treated in accordance »th t and the 

05e o£ Animals in Ophthalmx and 
nsR Federal Ani»l «el£are Act. 

*•>*****• • „ chemical, St. Louts, MO); 

Albumin <0VA; «** ^ 

d esiccated ^ the mioe . 

Detroit, MI) «ere used 
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«*— B ™° r - obta l„ed «om 2ealand 

ftqu eo»s *~r «H» - - Brattlebo „, VT, 

mite ra^ts >Pine acres digease . Rq ueous 

„ ith no observed ocular ^ ^ ^ior 

humor „as P a S sive ly d r a- * ^ per£usion set 
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assays- 



T ell «— 2; iz ed .ith 1«« ° VR ^ 

B10.» l 7 n ;r £co , Detroit, «). 

complete rfs adj-an (Or ^ , 

,days. Popliteal W n «*" - ^ column (»» 

„ er e isolate, W * 2 .cells -ere — < 
sys tems. Minneapolis, » ■ * ^ , ue ll, 

Radiated <200», the presence o £ OV* 

£l em syndic 310., «~ were seeded at 2,1. 

(mommi1 r j a ir « n pi- ««— * 

cells / Mil in 3 mlnl „al essential med! 

uith dieted Dulbecco m supple mented .ith 

10* fetal >ovine serum ^1° ^ jjy) r 2« 

„ercaptoetnanol (si „a epical, , 

REPES (Biownltter,, 5ug /ml 
5M/B 1 X^P.^- u G :re collected and rest^la ed 

(Gib co/B» W • The T cells were ^ in th 
with OV, and ^ » d mouse rec0 * ln ant 1L-2 
culture media contains 80 
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a 4000 "Ml mOUSe 
MN) and 

aYimB Minneapolis, were 
D systems, syste ms). The T 

re co^inant IFN-Y ^ J 2 to 3 we e k s - the 

plated with 0V A once ev V rf 

pre sence of ^ to be *1 ceils when 

Leiopin, T cells ^ with no detectafcle 

the t cells Produced on - V ^ ^ ±n th 

. Hon when stimulated W y) a nd 

nroductxon wu factors z ' 

absence ol 

ex o,enous adoptive trans.er ~ 
mediated inflation » » •* 

DTH assay- 

— T^W. plate 

Ihe „ells of a £1 cMted „ lt h capture 

(Fa lcon, O^ard, «) Fharming en, San Dieoo, 

monoclonal entity V The plate was 

cw to the cvtC-e her ^ ^ ^ 

incubated overnight at Tween . 20 an d 

^t^ . P—e pBS plus „ BS* 

(PBS-BSA) • The P Oomriles „ere added to trie 

^ washed. Samples *> m 
temperature and wash 3 nOT rs at 

and the Plate .» Umes a »d Into each 

temperature. «- ^ ^ f blo Un y lated-detect^ 

„ell 100 , 1 ° £ -° «^ (Eharml n,en, was added. 

mo noclonal antl-l™-V anybody ^ „ a3hed 3 ti.es. 

Ih e Plate was (Glboo/BR ,> . X«» <*' 

stIe pav i din- P -,alactos 1 da < ^ lncubate d £ or 30 

ad ded to the .ells and the P chloro phenyl-red- 
min and washed 5 «»• «>* san Diego , CIO was 

p _ D -,alactoside (C«G: « » to de velop for 

. 30 min. * ne ^ 
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Q , pr a t a wavelength of 
t ead on a standard ELISR plate r-M. 

570nm . T he IHT-V «^°;; £ to cteot e a standard 

uere plotted against conc entration of 

c- Tt'riplrnatant was determined 

-2 r--nr^ - — — — 

, _ 0 hypersensitivity 
and Delayed-type &yP e 
Adoptive transfer ana 

(DTH) . , . _ odeS of BIO. A mice 

T cells from the draining ^ ^ ^ were 
immunired 7 days previously »i , 

a CD3 enrichment column 
isolated using a CDJ , x 10 = cells) were added 

Th e enriched primed T ce s . n 
to cultures containing agueou J ' ^ ^ 
cul ture media, and antigen pulse ^ ^ ^ 

pul sed R PC were adherent splee ^ ^ 

from syngeneic naive mice pu T 
(0TO or ^ - — - J: „ ere incub ated £ or 
""""TZ 7 cT, some events instead 
0 " h ° urs Bt " °' t . m eells were added to cultures 
o£ aqueous humor, the ^ ^ a . MSH . 

containing the antigen pulsed ^ ^ ^ 

Mter . 4 hour incubation « ^ 20 hours . 

th e cultures - ^ * ^ assayed £o r regulatory 
25 Ih9 cells were collecte type 

actirtly in the -l ia „ ag serum-free 

hypersensitivity. dilution of 
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T cells (2 x 10* cells) from the inflatory OVA T 

re > innected along with aqueous 
cell line cultures were urjected g 

humor or a-MSH and TGF-p treated T cells (2> 10 ce ) 
the tail veins of syngeneic (B10.A) mxce xn a 
into the taxi v antigen pulsed 

f 900 ul- Within one hour antxy 
volume of 20U ux. , . t the 

APC (1 x 10 5 cells) were xn D ected xnto 
syngenexc APC u swelling was 

f (- hp mouse and ear swexxxuy 
right ear pinna of the mou 

ne asured With a micrometer .Hitsuto yo ^apan . 
„ hours. *xi- « swelling °°°™* '\ U of the 
t hese oata are presented . «- — - _ 
difference between ~ ^ 

„ a s determined by Student's t test of P - 0.05. 
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« ™^ T Cell in Vitro Assays. 

^ 1 draining l W h nodes of .ice i-inire 

■«-h MT-Aa primed T cells were 
•7 davs previously wxth MT Ag, p 

«us ,4 . * «£Z7?^~~* — P ^ 

(Corning). To the ^ serum . free 

anti-TCR antibody (2C11. 1 

various concentrations of TGI? pi or 
culture media, various »» De riments 
, 2 in media were added. In a second se of «~*» 
GF - P 1 or T GF ->2 at a fixed concentrate of n 

to the wells at various times (0, 2,4 and 
Me re •*-J°J£ of anti-TCR antibody. The cultures 

^ b ted for 2 4 hours and 0.5 uCi of 3H-thymidine 

were incubated for and the 

,MH. Boston, MM «• added to the 

cultures were incubated for an „ as 
C ells were collected and incorporated radrolab 
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n.ina Production of TGF-P 
mea sured by ---f;Ur:;-e by centring 
by the treated primed T c q£ anti _ 

the culture P-tes 2, washing the 

TCR antibody, -moving t ^ cuitures were 

culture, once and adding f res ^ ^ cuiture 

inC ubated for an addrt.onal 24 ^ ^ 

3— ant was assayed to ^ ^ ^ ^ M 

CCL -64 bioassay £°r p 
described. 8 

« CeU activities in Vitro. 
*. B^toxy T Cell ^ uere eMiched 

T =.11. ««- ^" Phe " 1 the T cells were 

and - — - d a li-Tc. 

treated -itn o-SB ,3 P, - ; iGF , p2 „ s ngM l was 
h ours of incubation T« » fm an additlo nal 

add ed and the cultures were - ^ ^ , g £or 10 

,4 hours. The plate was spu ^ ^ 

miMt es a„ d all of «- iso l a ted pri-d T 

„ere washed once with ^ all o£ the wells 

cells (4 . W ~»» ""^ and the cultures were 
alono with anti-TC* ,1 J supernatant wa s 

in oubated for 48 hours. The 
assayed for W E " S *- 

r « cell. W»» MB - 

>^ BaB01 T sttated that pri-d T cells 

deviously we have demons » 
activated in the P-ence of a^ ^ 

TFN-Y produced by other 
vitro I FN Y v . pated primed T 

* that these aqueous humor-treated 
30 suggested that tne 
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„ <„ rftro induction of DTH 
ceU s should also suppress ^ po5 sibility, 

me diated by Thl «U- T me(J to OVA, «e« 

aq ueous humor-t r tM oIi,e Thl -U.. «» 
injected i.v. along «.«> sia , 1£i cantly .-PP""^ 

aq ueous humor-tre ated T ~ ^ ^ ^ 

the inflammation mediated y ^ ^ mou3SS ear 

BC that were injected rnto th P ^ ^ 

(Fig ure 8, . Thereto- the «g q£ m 

by aqueous humor suppressed the 

by other Th! cells. ^ in 

Figure 8 is a bar chart . n ear 

mloe as measured by ear .»U^ ^ • q£ t cellg 

sickness (V). « » or not the mice -re 

a d»inistered, including whethe^ ^ ^ ^ ^ 

inj ected with actuated Rq(1/ovfi .. ) . Rq ueous 

aq ueous humor ("Regulatory ^ by other Thl 

lor-treated T cells suppress DTK ^ 

cells. Riveted OVA-primed _ „ ere 

aq „eous humor (Regulatory (Responder , 

inj ected i.v. with lnject ed into the ear 

ceils, OVA, . OVA-pUlsed « ^ The 

pinna and ear swelling »as measur KS)lt! an d 

data represent two e^^ (sce methods) in 

« e presented as the percent drf ^ 
5 ear thickness i SEM (n - 5) IP 

Factors Of W 

^ „ o€ primed T Cells. 
P.olifer.txo. 0 £ constitutive levels of TGF- 

M ueous humor contarns con ^ ^ in 

MCH 5,i,9,i2 To examine the ei 
30 P2 and «-MSH • ^ TCR _ stiraula ted 

the presence ot 
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,1, were TCR-stimulated in the 
pr0 U£eration, pri-d T « or TGF . p2 . 

presence or *** ^ J rf a . HS „, increasing 
loardless o £ the P- - sappI esse d T 

concentrations o £ either «f H to £ind 

cell prolUeration <^ur ^ ^ no e£fe ct or 

enhanced T ceil pro proliferation 
rlg ure 9 is a „»ph P^ J aUons of TGF - 

of t cells in response va , ^ ^ are 
pl ot TGF"p2, -th or -t TGF _ pi TGF ., 2 on 
concentration-dependent eHects ^ o£ rfSH . 

in vitro T cell P- llferatl r °" uted in the presence or 
riaed t cells were TCK-s ^ or TGF - 

ab sence o £ 30 ^ration „as measured as 

p2 (0.005 - 5-0 lnoorpo rat=d 'H-thymrdrne 

counts per minute <C«) Bulation . Data are 

Ornately 48 hourS . + SEM of eight 

approximately or0 liferation ± SbK 

presented as percent pro* ^ ^ calculat ed as 

independent experiments P. ^ o£ un „ eated TCR - 

the CM of sample ^^.^ , .inns 

Simulated primed T 

bacKaround. fce added to the 

slnce only act- ^ ptoU£erati ve activity 
cultures, it is ^ * actlvated in the presence 
observed when the * cells - ^ t ^ 

o£ whole aaueous humor occurs ^ ^ ^2 

int luenced in time fy -creasy _ be simu lated hy 

adding active «M* * primed T cells were 

Simulation in the P"^* rfSH and, at various 

TC R-sti»lated in the presence 
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. TGF _pi or TGF-P2. Here not 
titnes afterwards with active ^ faut 

there was also c 

an d TGF-P2. a, seen in ^ _ proliferation as a 

Fig ure 10 Plot, TGF . pl or TGF-.2 

function of the time at ICR _ st imulation in 

„ as added >"our= • a time . dependen t effect 

the - presence of o-MSH. The ^ proU£ eration in 

o£ TOM 1 ana TGF-P2 on « » ^ ^ ueie TCR . 
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«* presence of «-HM- ^ of 30 pg/ml ■»*<•» 

with TGF-H or TGF P2 proll£e ration was measured 

■ , ,fter TCR-stimulatlon. , H _ tnv midine 
times after incorporated 3H tny 

as counts per minute » CfM) ^ iB presented as 

4e h ours after ^-stimulation. ^ indepen dent 

percent proliferation * 8 2 MSH and TGF-P2 

exp eriments as «*^Jt««- <P - °^ '~ 

treated T cells significantly 

TG F-p2 only treated T cells. ^ 

j n.rr-62 added from the sta 
Both TGF-P1 and TGF , ce U 

stimulation through 6 hours ^ 
proliferation. However ^ addltio n of 

proliferation was re- red o y ^ ^ st ^ m 
TGF-IS2 at or later than 4 ^ ^ ^ aqueous 

(Fig ure 10, . Therefore, it tfte anti- 

humor, the presence ° ctira ted TGF-P2. 

proliferative activity mediated by 
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" 48 " . j «p Cells 

. . «v Primed 
, *GF-P Productxon By 

livated I» *• P - SenCe 

Actrvra^ primed i 

* other characteristic of P they prod uce 

Knotnex humor u , _ p n s 

• n the Presence of aqueous > ^ in cell 

TGF-P ■ J o _ msH and either TGFJ ^ There 

of the ti- at which the ^ on TGF _, 

function of th a na 
. a time-dependent effec nce of 

13 L by T cells activated xn ence of 

production by sti mulated xn ^ 

i rn C ells were T GF-P1 or 

primed T cei x of TGt P Cu iture 

30 pg/ml «-MSH, with 5. timU latxon. 

3 P times after levels, 

at different fQr total TGF p 

supernatant* ^re assay ^ pregente d 

nnres where no 
from cultures preS ence 

id =0.05). stimulated xn 

^ p j m cells TCK (Fiaure lx) • 

*" Pri ;t -need levels of ^ TCR" 

AddiU ° n did not change the level o Qf 
stimulation dxd Howe ver, the did 

, rP . B production (Figu TCR - S txmulatr 
TG F P , various times after primed T 

T GF- P 2 at varx produC txon by 

**nce d-MSH-xnducea aqU eous humor 

enhance The refore, the q ^.-producing T 

cells (Figure U) induC tion of TGF P 

*rrv-&2 mediate ^ cells- 
oi-MSH and OT P regulat ory T 

cells, which are P 
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And 



Mediate 
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^ T " US ' „ ot 4 hours after TC*- 

. „ TGF-P2' wh can enhance 

S1 "° n ln le Presence or ^ that 

StWUlatl h "the treated T cells, rt ^ T 

a _MSH and T ce iis are ac^x 

11B If regulatory T ce 
06 iFN-Y Production by other ^ 

suppress II* Y suppress^ 

n9 shows the perc p and cx 

««~ Riveted eftector , ■ , cells 

PE ° dUC " ^.torv ^ aCt1 ' e „r absence of 30 

MSK induce regu ptesence 4 

TCR - 5 timulated u> 5 _ 0 „g/ml) » 

uere tur . r r-Bl or f»' >" „ . T cells 

, , a-MSB with TGF P . The treated 

W after KR-stimulatxon es o£ £res hly 

a£ T oil.) -» added to ts were 
(Kegulatory T = cult ure sup t 
activat ed pr^ T aftet additron ot ^ 

cell3 . Data are P , 
IFS . Y produced h independent -Pe ^ ^ 

regulatory jfn-y 

".Thin -ith « f I r IIted pr-d , 

MSH and then 5 „ he n tn CT iture 

production hy oth« Jh ^ ^ the »- 

— - r "T' b rtheTddition . 

lFi9Uie d regulatory « ^'^ty U. • » 

induced regu latory acti« y , nduce 

--^r^ -id M t tgf-p 1 

antagonized " 
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12) The induction of regulatory T cells 
cells (Fxgure 12). me recovered 

TGF-B2 corresponds with 
by a-MSH with TGF P 2 prodU ction by 

r :rr; srrr- — - - - 

rtat these factor-induced regulatory 
to demonstrate that these r „ u iatory T 

llke aqueous humor-induced regulat y 
T cells could, U*e a " treated „ lt h a-MSH 

cells, suppress ^ QVR an ti g en-primed Thl 

Thotlng OTH rTsplse in mice as /^JT^ 
i.e., change in ear thickness <um , as ^ ^ 

type(s, of T cells administered J T cells 

the mice were injected <£f£££> oeUs! a-MSH 

Toir ^-MSH/TGF- 152- treated X cells suppress 
/ TGF - U2 OVA > . ^ T ceU3 (Thl) . 

«" e H T cells treated with «-»SH and TGF- 

activated OV.-pr.rn ce ^ ^ ^ 

p2 regulatory . : cells. t ^ ovw . 

i.v. with DTH-med^tmg T cell ^ ^ 

0 V,-pulsed «C were injected rnto the e P ^ ^ 

celling was measured 24 hours ^ ^ 

and is presented as tne^ v 

thickness ± SEM (n - 5) - P - °-° ' _ trea ted, 

Fi gure 13 shows that a-»SH - a ted by the Thl 

primed cells suppressed the OT H ^ 0VR 

lells in the pinna o t ^ « 

:^-r:;rctionai ^ . — 

30 generally known as Th3 cells. 
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BISCT3 sic« op 11 a . 

, immunosuppressive 
Rq ueous humor - d ;";- ion o£ Th 3 cells. These 
„ TrF . 6 2 mediated induction 

Th3 ells proliferate ^ 

ln duced Th3 cells suppressed^ that tne ocular 

°" reS r 3 J "-, to locally divert 
mi croenvironment has tb. P ^ have . Thl 

pI imed X cells t- " ^ ^ activated - 

into a an * ) fhat speciti c 

response, n to report that 

are also the first „ M . t e induction 

results are f.ctors can mediate 

, „ H -any relevant factor ocu lar 

physiologically ty £or 

of Th3 cells. The to meoia te 

environment and f or « »3 ^ ^ ^ ^ fcy 

induction of Th3 cells has * and reflated m 

the eyS - , la have been described in the 

IGF-U-ptoducing T eel autol mmune uveitis 

oral toierance models o, : «- - ^ ^ ^ otal 
lEMJ) and encephalomyelitis ^ adminlste red 

tol erance models, low dose ^ lymp hoid 

a utoantigens induce, through h - ing T cells 

.issues, <«■») — ' l °; ut :L u »e disease «• *- 
that actively suppress auto auppre3S 
, torv T cells, also known as Th3 ft 
regulatory med iating T eel ^ 

the activity of other y meal ators 

th eir secretion of " to the autoantigen, 

such activity results m to ^ autoant igen- 

.efined by reduced ^ » ^ ^ the ocular 
m ediated disease. It - J c<)nstltll tive production of 
^environment, of t» cells as a 

cx-MSH and TGF 
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, the peripheral tolerance 

potential m u( . u , 

to ocular antiqens ^ ^^.^ £or 

Ih e results Indicate th humor 

«f requlatory T ce , 0 induce 

induction of re 5 it-lf can 

al3 o contains <> 2 cells; however, T ce 

activation of regulatory ^ TGF . p2 „as 

proliferation is relatively » t ^ „ er 

a dded to the cultures . hour ^ ^ ^ 

^-stimulated in the ^ 
, unmeant ^^J^ T cells, when activated 
the T cells. Since our prime* that 
loyally unction as « - 1 ■ - ^ , h3 , „ h ich 

^SH averts — j hl b / r TG V ,lso, this — 
is enhanced oy stimulated 1 

diV " t « to develop within the 
l5 requires time 

cells. TGf .. pl and TGF-H2 are 

» addition, the effects , ^ ^ ^ ^ in 

dlf£ erent. .euulatory ce ^ TGF - P 1 clearly 

the presence of reg ulatory 
suppresses a-«SH oonsidered under «- 

activity. TCP-PI ^suppressive, while 

experimental conditions to ^ ^ that 

IGF _, 2 is — ^"^^Tesponse to Tor->l and TGF- 
oou ld mediate a """^^ receptor requirements 
„ would b e throuqh ^ d ;« iso£orms and the different 
£or wndin, the two * the type II receptor 

af finities for ^ «* ™ ^ ieceptor sionals, 
Therefore, ' Bediat e the different 

po33 i b ly influence < -^V ^ T cel ls treated with 
responses seen o£ „- M SH. 

either TGF-f51 « " 2 
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T rF-Bl could induce 
^ «. TTF-B2 but not TGr P-l 
Ite finding «** » is ^ une „ ith the 

ac tivation proCein £ou „d in aqueous »« 

ending that rt rs TGF P ^ ^ blood _ oco lar 

a. ». «. under uveitxc con ^ lnt0 

barrier is compromised. a-MSH and TG F - P 2 

the aqueous humor could »«, ^ ^ promote 

induction or TGF . pl is at a low 

actl vation, and i ation of activated 

concen tration. enhance P ^ ^ ^ 

that IL-4 and TGF p ve T cells . 

pr odu=ing T ceils from a popuiat ^ ^ ^ 

Previously we have shown hat ^ ^ ^ 

pr i,ed T cells is «^ eia£ore , it is possible 
prim ed T ceil activatron . cytokine -mediated 
that we are observe ^ induc tion of 

— ^ r°; S h ^inducing l,-4-U,e signals 
regulatory T cells wrth « »SH ^ ^ ^ This 

followed by the effects o ent ering the 

• i>r to primed/memory 1 cei± 
would be s»lar P influenc9 d immediately by 

ooul ar microenvironme t. b J ^ „ M produci ng 
a-MSH and then, m "me, 

and activating T CT - P2 - ^ and 

The results here -^j^, posalb iy through 
therefore the ocular mrcroenv ac tivation of 

„. MS H and WM 2. *~ ^1"^ activation 

o£ Th3 cells. Theref ^ ^ noimal 

i^unological responses ^ ^ re9ulatory , 

ocular microe ^ronmen iMnosuppres sive ocular 

Th3 cells could rexnt con tribution of 

~+- nf the eye by tneaj. 
microenvironment ot 
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n activity. The potential 
°' ' , "3 su W ests that their Presence in 

autoreactive 3 ^ expaMion and 

viV o could prevent aut oi-une Thl cell- 

activation of disease-mediating 

for the ocular microenvironment to 
Th e apility for the ^suppressive 
produce constitutive levels ^ ^ 

opines t»at also mediate in »< *~ - » 
exa^le of how a regional tissue ^ 

M ld. and coerce —^^Z of cytokines to 
the needs of the tissue. The ey ^ 
reg ulate the i«ne response aUo* gulating 
possibility whether these specie 

«„i-ralized, antagonized, or 
fac tors are -tr^e ^ ^ ^ suffering 

produced in eyes that ^ fc() use 

fr om autoimmune uveitis. Y man i P ulate 

fartors to systemically and locaiiy 
the same factors im mune-mediated 
th e immune response to supP 

The finding that i-ue 
inflammatory diseases. is 
^oenvironment *ay ind.ee actrvatron of ,h ^ 
an indication that the induction of snch , 

v. a normal physiological occur 
cells may be a norma y microenv ironment 
the eye and that failure of the ecu 
to maintain induction of autoreactive Th3 
ma lce it susceptible to autoimmune disease. 
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■PYRMPLE III 
MATERIALS 6 METHODS 

Keagents and Animals ^ {peninsula 

The experts used^ V ^^ nant TGF _ p2 ^ 

Laboratories, Belmon . • {R&D Syst ems, 

Minneapolis, MS), th. 2 _ recept or-a ; ™4> and 

antl .CD4 (BH4-4). antl-CD25 < B10 . RIII 

a„ti-CD3c (145-2CU, ( ME) and BRLB/c 

(Jackso „ Laborator.es Bar _ ^ ^ g _ 

institute breeding program, xemale lnst itutional 
weeKs-old were treated wit, app ^ the us 
animal oare and use committee 
animal welfare Ret. 

— ttMtt * nt " - cel ls were obtained from the 

in vivo prmed T eel ^ iimunlz ed 

draining popliteal lymph node o desiccated 

via a cutaneous foot inaction » * ^ ^ f 

bacterium ^^"J^. 9W by now 

cel ls were enriched enric hment 

u cina a mouse j- ^ 

cytometry analysis, using ^ ^ plate 

column (MD Systems). Into e ^ ^ celWnl) , .50 ul 

u ere added 100 pi rf 1 °" ' a „ ti _ cMc ,! pg/mD i- 
o£ diluted c-MSH and 50 pi _ ^ 

seram _ free culture media- ^ assaye d 

£oI 48 hours and the cultu assays 

usi ng sandwich enzyme link ^ ^ ^ da5cri bed in 

■ ::::: r T :r;-»*— - — - — 
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„ 26 T he serum-free culture media"? was 
CCL _ 64 bxoassay-26 The ser 

RPMI 1640 (BioWittaker, Walkerville, MD) , 1/ 
T f sterile 7.5 % BSA solution (Sigma Chemical, St. 
: s MO) 1/500 dilution of 'ITSV solut l0 n 
Louis, MO), ma ^ For 

assaying proliferate the » 
initially incubated for 24 hours and 20 ul 

tUidine O™. Boston, ». was added to the wel 
1 the oultu.es were incubated for ™J^^Z 
hours . Th e cells - OOU.— - « radioiabei 
paper using a Tomtec Plate Harvester 

. Ba nac 1205 Betaplate Liquid 

was measured using a Wallac 

Scintillation Counter. 

Fluorescence-Activated Cell Sorting. 

For i_taining and flow cytometry, T cells (2 x 
10 e cells) fro, 24 hour cultures of the 
activated T cells. The cells ^e -^ - 
once in PBS/BSA buffer (10 mM PBS, 3% BSA) . T 

^ ^ in SO ul of PBS/BSA buffer containing 2 
were resuspended in 50 pi oi 

ug of P E -con jU gated anti-CD4 and FI XC-con3ugated ant, 
CD25 antibodies and incubated for 30 Minutes ro« 
. The cells were centrifuged. resuspended xn 
^ f PBsTBS^uffer, and washed two ti,es. T he 
Lined cells were sorted by a Coulter - = 

calibrated for two color fluorescence. The 
caiJ ' iJ pno^ynn/i 4 - cells and the 

sorted into two populations, CD25 /CD4 eel 

pells (CD4- plus CD25'CD4 + cells). Sorted 
remaining cells v± 

cells were used immediately in culture experiments. 

0 ^.ay For xn «tro ^tor, T cell activity. 

The c-MSH-treated. TCR-stimulated T cells, 
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described above, were cultured for 48 hours. The cells 
descri cells) to cultures of 

„ er e collected and added (2 x 10 cells) 

£reshly isolated enriched inflammatory T cells ,2 ,10 
[2 J activated with anti-C03 £ U ^ • - 
cell cultures were incubated 48 hours ^ ' ^ 

for TFN-v by sandwich fcOii&A. 
supernatants were assayed for IFN Y >>y 

,,-MSH-Tr.atm.nt of Experimental «■»> ' 

M „as induced by ionizing B10.RIII mice with 
50 ug of human interphotoreceptor retinoid binding protein 
peptide (161-180,- IRBPp, emulsified in complete Freund s 
adjuvant containing 2.0 mg/ml of Mycobacterium 
tylosis H3™.B" The retinal JZ 
clinically assessed every 3 days starting 6 days a ter 
the ionization. Some mice received an i.v. 

immunization. Funduscopic examinations of the retina were 
done on eyes topically treated with 0.5% Tropicamide and 
..eo-Synephirine saline to dilate the pupil The sever t 
or infla-ation was clinically graded on a 0 to 5 scale 
Ho inflation was scored 0, only white focal lesions of 
vessels were scored 1. Unear lesions of vessels with m 
the half of retina were scored as 2, linear lesions of 
h , f „, retlna „ere scored as 3, severe 
vessels over half of retina we .^.it.ion 
. »v,,dates or retinal hemorrhages m addition 

, chorioretinal exudates subretina l 
to the vasculitis were scored as 4, 
hemorrhage or retinal detachments were scored as 5. 
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a -HSH s«ppre»i=» o£ • ^ ^ that 

deviously, Litton an localized 

sys te.ic iniecuens o ^ induoed 

ln£ lan»ation mediated y ^ o£ 

by IL-1 and endotoxin - 3uppr esses the 

pr ecedina 11 * cells and promotes the 

activation of « * T c e»s in the ocular 

activation o£ TGF-P product ^ o£ Example 

mlc roenviron*ent. t ^ ^ 

Sections o £ eye3 . M ice were 

aut oi«ne uveitxa <™ desctibed . « the 

i-unized to induce W » P ^ axperim ental 

pea K of retinal inflation (D V _ 
Lee each received two "^""^ M s hows the »ean 
on days 10 and 12 and untreated ,ice 

uveitis score in -** j» u , eitls (EM , . 

a££1 icted with «P«- lntiavenous Sections 
suppression of <H -» „ ith IHBPp to 

o£ „-MSH. B10. mi « - 50 u g of a-MSH 

ind uce «.. n« ^;;;" r ;;;; ctiTOly , ia « and five 

^ V aV : 1- - inV- ~ 

^: :::: z - — — - - mwse - 
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. . score was marlcedly 1 *" 

T he mean uveitis sccr ^ ^ ooinpared 

the experimental mice o „ e ca5B (rigo x. 14, 

t0 the untreated, ^ (score 2 on day 11). *- 

M . where the uveitis - »a ^ 
lnj ection of «-*B ---;: onstrates that by elevating 

n nn day 1 ') • . ^ t cell-™ 60 * 11 - 3 

lSCO c levels o£ c-MSH, lo-U— 

the systemic level 

can be suppressed, 
inflammation can o 

.-MSE-Mg^"* MU W .„ H tha t a-MSH mediates 
G i,en the finding in — an(j an earlier 

induction of «-^ P ; h 7:l SH s uppresses induction of 

of T oel ls activated m 
OT . V ,BU the lymp^ine P«- t0 see 1£ «-MSH 

th e presence of es (T able 

influences production of o* ^ anti . CD3t 

E „tiched. prl~» T cells-- ^ £oI 

in the presence of 30 ^ „ sed in these 

The concentration levels 
48 hours. The ^ nren tration of a-MSH 

e »periments was the — J^. o£ ac , e ous h-or and 
oonstitutively f°» d in B1>B28 totetn atively, 

cer ebral spinal fluid °< ^ to g ive a 

a-MSH can be provided in an amo ^ ^ 

fi „al concentration '' ""L assayed £o r IW-Y. 
Ih e culture supernatant* ^ suppress ed I«-Y 

IL . 10 , and WW- °-« SH »* produ ction and had no 

Ruction, bowever, enhan c-J** , P ^ o . MSH 

effect on 

pI oliferation ^ ^ by the 

suppressed production of 1 ^ „ . T his 

ac tivated, primed effector T ted T cells 

iymphoUne profit favored by 
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„ " s activation of regulatory T 
sugg ests that «** educes effector T 

cells B29-B33, while suppressing 
cell activity. 

• a t cells activated 

with anti-CD3e. 
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6 i*n «* M ' 8 " 

80 9 * 44. "4 , 63 21 * 

_ + 864 ± 235* 

1+1* ' 



25 



anti-CD3E 
only 

anti-CD3e 
+ a-MSH 1 

- anti- 

CD3e 

— ~~~~~ rD3e in the presence of 

lt primed T cen 

experiments each. 3 H _ tnym idine 24 hours after start 

3 . cell cultures were ^ ^J^, 2 4 hours ^ 

of assay and incubated for an ^ as coutlts 

sointiUation-counting of expe ri m ents. 
P er m -ute (C*) * » ^ primed T ce Us treated w.th 

* Significant different (P * 0.05) 
only anti-CD3E. 

„.„SB indues ^ act . vation of 

IO confirm that «-«s* - ^ ^ , cells to 
reg ulatory T ceUs. «- T oellS «. 

o the activity of other, freshly 
suppress the ac mixed wlt n 

• c-MSH-treated cen^ 

investigated, a 
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—nv produce IFN-Y l L - e " 
a ctivated T cells, »^*." 0ra : v llY ot Pr the TM t ype,, and 

ar e effector , «-= £ ;;X y ly production „ a ble « . *» 
assa yed the culture* X ^ 3Uppress ed 
freshly actuated ce co . culture „ it h unsorted 

in their production of Y ^ ob5ervaUon 

a . MSH -treated 1 cells («"» ^ „. MSH . 

m-h the Example - 
corresponds with tn ^ addition of 

seated X cells can 3U ^ te " ™ RII) to the culture, 
soluble IB-f ««P« r 11 ^ unsorted a -«SH-induced 
significantly neutralized produ ction by 

freshly activated T ceil omlLat0 ry T cells is 

produced by . «^-^. 7^L 1oo by ot h er, 
sufficient to suppress W V 

effector t cells ^ ^ T cella is 

IO 1 SB to Press regulatory activity, the c- 
induced by °-« H to exp . expression of CD4, a 

„ H - ce il s were stained for expr 
MSH-treated T cell ^ and the il-2 

na rlcer for the T helper (Th, ce activaCio n. 

»rn?5K a marker or i 
0 r eceptor-alp h a (CD25) (CD25+/CD4+ T cells) were 

The CD25-expressmg cu« sorting and 

„ „*- bv fluorescence-activated cell 
sorted out by activ ated, antigen-primed T 

added to cultures of fresh a _ MSH) . The 

25 iMuunosuppressxve activi y ^ ^ . n the 

expressing CD4 cells and no ^ 
priced T cell population ^ - ^ 
indicates that «-MSH induces activa t 
T cells that suppress iafl— txon .ediated 
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cells into cultures of fresh 
prim ed effector T cells. 

None 
Unsorted Cell 
ported Cell + sTGF- PR U 3 
CD25 + CD4 + cells 4 
CD 4- and CD25' CD4* cells 4 

" " ZZes containing fresn primed 

T cells and anti-CD E . ^ ^ after 

mean ± u - /giGF-PR* 1 ' °* D wy 

of oc-MSH for sorting. 
fl uorescent actxvated ^ no 

Significantly different (P <- 0-05) 

add ed cells ^one) . 
t sig nificantlV (P * 0.05, 
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BXSCOSSIOH OF B»»«* » 

demonstrate that 
Tne preceding . nductio „ of 

cx-MSH mediates a -MSH- 
neuropeptide ^ Lymphoki ne profile 

producing T eel s. 
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treated primed T cells « suppr ession °£ 

^-infla-atory. , ue „ „- M SH suppressing 

autoi—e uveitis appeal - fcy activat ed 

paction of inna-a tor V* o£ 
'autoreactive T " ^ „ r esults demonstrated 

t egulatory T cells. »e -*P an tigen-specr ^c 

tha t such ^SH-treated T e suppre3 sion. . *»> 

DTH 1„ vivo through b y st Mguiation it „ ediated 
enervation suggested that , suoh as . 

through non-antigen specrf- ^ ! and 2 

cytoUne. *» thro ugh the production of 

4— that it is at least me diate 
demonstrate that 1 cells 

TGF-P a _MSH in-es activation 

^suppression- ca n -diate regional 

of — atory ^ 

immunosuppression by P 

. if the 
factors. indicate that 

Ih ese results also elevata d either 

concentration of » ln£ la-atron 

SY stemically or regionaUV, t- ^ t he 

should he suppressed. * 9 ^ ^ lnducin g 

oppression of ptoducti o„. -*» *~ 

^suppressive ^ ..^-^ 

dlr ectly antagonizes l^. s pt oduced by the 

activities, m a"'^ ^Itory T cells have, the 
a -MSH-induced, CD25+ / CD4 + macrophage 
potential to suppress suppte ssion of 

R34. B35 Therefore, results 
activities.** 4 ' 14 probably resu 

disease seen in Fi9 ure f a _ MSH 

autoimmune disease , lAffimato ry activity ot 

fOT the general -ti-mfl^t ^ ^ e££ects 

(1 .e., against innate — > ^ ^ ^ 0 the 

„ ar-tivated 1 < - t5J - i 
of a-MSH on activ 
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,l fl have been induced by 
potential that regulatory T ce 

th e system sections of « • suggest that «- 

Th e results P""-^ in regulati n g inflatory 

MSH has a physical rol ^ 

ilMft une responses- Its of . T ce ii- 

sit e can rebate the xntens t ^ fchrough 

med iated inf—ry res^n ^ ^ „ 

„ f regulatory T ceii=>. induce 
induction of teg" all (i.e. 

„„enic inflammation can occur norma lly 
immunogenic „ riv ileged eyes, there i 

tolerance) . In i—ne-pnvi ^ ^ ^ ocular 

a constitutive presence of- ^ „ 
microenvironment - J ^ rf3 K may potential 
prevent induction o£ s<> than in other 

— rr ^ "jr - — ~ 

tissue sites. It ofHate s induction of 

microenvironment, -»H ^ ^ that ln turn 

producing, CD2 5+ /CD4 + regulate » autoan tigens. 
lediate peroral 5electi ,ely ***** 

therefore, the ^ acti ,ated , ceUs means 

th e expression of 1W*>*£ , inten sity, end 

th ,t =-«SH can occuI3 ln . regional tissue 

ty pe o£ i-une response that 

site. „ bv adoptive transfer of a 

Th e suppression of DH V t ^ shoun » 

Ms „-induced, -ti 9 -pr-d gu ? ^ 

EKampie II. „ ould suppress induction of 

primed by an autoantigen - °» dlsease . Such 

Inflatory, only b. activated 

^-e regulatory T ceix Through 
autoreactive, 9 . gen is presented 

in sites "here their ive lsfflP hc*ines, these 

th eir Production of ^"f^, would d own-regulate 

CD25+ /CD4 + , TGF-.-producin g T 
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. "l ot attCOreaCUVe 

DC the activation °i eit her 
or suppress the^ regulati on could occur 

in£ l-ator, T cells. Sue ^ ^ It lS 

. , he periphery or within migrat e 
in the per P induce d regulatory 

to be seen where cx h 

response, i- e " production of lY^P 

sel ectively ^ates the ^ sel otl ve 

activated effector T role in 

^regulation .V ^J^. thr ough suppression 
maintaining ^ 3na T cell-ediated, and 

o£ in fla-ation .both innate ntlgcns . It also 

possiW v — * — 3 

supports the use of 
" treat autoi—e diseases. 

^ ding experimental results 
fi s supported by the prece enoomp asses a 

and discussions ci nc regulatory t ceils 

M thod for generating antigen P iimune 
that can down-rebate or * ^ re9pon 

^dieted inflation. ~ » , oells general^ 

me diated by activate d pri» - ^ ^ geneI ates 

o( the Ihl subclass. In P«t ^ and 

regulatory t ceils that hav^ ^ _ „ hlch 

th ,t produce cells. 

suggests that they are T cell-generating 

In one aspect, the 9 ^.^ , cells t o 

me thod comprises ™ ^ the pres ence of antigen- 

ic presented antigen in oom position 
a specific P pre5ence of 

presenting cells l*K-> 
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alp*a-Meianocyte 

rising an effective amount bin ding 
comprising &n a _ MS H rec v 

■ la rinq Hormone (a-MSH) regU latory T 

StlW ! eof I" an ° ther C D3-enriched, 

portion thereof. compris es exposing CD3 

.11- generating method compr inlcing agent m 

i Is to a T cell receptor effective 
primed T cells to comprising an 

«f a composition #„_msh) or 

the presence of BtinMla ting Hormone (« 

amount of alpha-«elanocyte B 

Ih e 0 -«SH rec.ptor-tond.ngP u 

, lne «hich represents amrn a -MSH 
proline-vaune, ^ o£ „-„SH o 

13 „{ a-MSH. to is an amount sut 

re ceptor-t,nding portron «~ ^ ^ ^ 

t0 produce an in prefera b iy *«* 30 

binding portion of • ln , ste p. 

the pri^d T oelis during the ft coropriaes , 
\ither -tnod opt-aU ^ step ha 

. „i, 4-6 hours after tn to a T 

atraroxiroateiy » primed T <»"■ 

W (i e , the ensure of the P ^ or 

° T * - tion signal in the P«-~ ^ ^ ^ 

an effective amount of ^ F P2 oducing , COU/CD^ 

auction of «*> rf TGT ., 2 rs an 

«gulatory T ceils. «n effect conoent ration n 

Lint sufficient to . ^ _ t . ngM, 

of about 1-1" uy/ . cells, 

the range oi pr imed T ce^-j- 

o ate vicinity of the p binding 

in the immediate vi ising a-MSH or a 

<£Z ^ -de designed to reiease 
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the start of the incubation 
appr0 KimateIy 4-6 hours afte activation signal 

o£ the Pri-d T ceils wrth th^ age nt) 
(e ,„ presented ^ ^.^.^ c-.o.iti*. 
in the presence of the a ^ l9 an 

The specific ant ig en ^ primed T cells, 

antig en -o g ni Z e d hV - ^ to ^ T ce ll by an 
and should be one that 

an tigen-presentin g cell. ^ unde rstood to be T 

ln general, P—d T d ^ a specif xc 

cel ls that have ^ ng ^ ^ _ ., am ed" 

an ti g en under ^^^.1* that ******* 
or W ry" T -11 clone o ^ response 

anizes that antigen and mount ^ ^ 

recognizes T cell re cep^ 

t rig ,ered by «W-» t ^ an anttg en- P rese„tina C.U- 
antlgen as presented by th , 
Prim ed , cells can be ^"-^ antigen . 

£r „ an ani^ — * " in vitr o. by 

p r i TO ed X -Us can also be , p» ^ , cells in 

„ i„ the art, such as cu er 

well town in tns and „ lt h 

vitr0 with the ^" £lC cells , cytokines, » 

l^hocytes. ant^en pre- ^ ^ ^ „ emo 
CT lture conditions Known « - ^ and respon d 

elector T cells that sp » ? ^ can b e 

to that antigen. »*— tlW * J T ce n receptors by 
st i,»ulated by crossUn^ o ^ su?h as 

an tibodies -~ ro3 ' tokelieed „ito g en <P™, " 

Concanavalm-A ( on 

Panagglutinin , cell - g eneratin g method 

Therefore, the ^ P ri*ed , cells to a- 

can also include, prxor to P ^ an 

H/or TGF-P2, stimulate the 
MSH and/or TW v ^ an an ti 

• D n and incubatin<g T cei 
anti g en ana 
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a T cell mitogen to activate the 

receptor antibody 

primed T cells. ^ accor ding to the 

Generation : f d ::i * ^ - 

mention, may - d^n V ^ ^ ^ „ 

specific antxgen, culture media an 

of TGF - P2 ), and ^ r ; a ;; eration of 

vit ro. Alternatively, g ^ ^ ^ ^ exposure 

regulatory Th3 cells may he ^ ^ presence 

of prim ed T cells to the spec, ^ ^ 

of a-MSH f with bout 4 , hour, after the 

approximately 4-6. T cells to the specify 

start 0 f exposure of a composltl on 

antigen and the oc-MSH. ^ TGF- 

com prising at least a-MSH, prefe ^ ^ ^ 

p2 , and the specific ^ re gulatory T cells, 

desired TGF-p-producing, ' or surgical 

ma y be introduced (e.g., u£?ly imrauniz ed with 

plantation) into an anxma P ^ animal 
th at same specific antigen ( preferably , 

- h - T Cel ^ PC ^o^ position are 
the antigen and . ssue site (e.g. , within an 

introduced into a localized ^ RLte rnatively, 

eye, a brain, or a tr«-^ ^ the animal 

along with the v 

Another aspect of the ■ ng an T cell-mediated 

for down-regulating or or a graft 

inflammation, such as x ^ g localized tissue 

rejection response, * art ^ tnis me thod comprises 

si te in an animal. Specxf xcally, 
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, •« to generating regulatory 
ch e following steps conducive TGF - p2 : 

CD4 + / CD25 ceiJ - 
Th 3 cells, i- e " fr om the animal; 

(a) hat vesting T cell* fr ^ the 

(W producing P^ 1 ^ ^ a specl£ic 

harvested T cell* , » stl mulation 

antigen under speci£ica lly 

o£ a t least one memory T 

recognizes said antigen, ^ ^ ^ , 

(o) easing the primed o£ , 

specific antigen m alp ha-Melanocyte 

composition comprising ^ ^ ^ 

Stimulating Hormone (« ^ ^ activa ting 
presence o£ at ^^^or-crosslinKing 

far t or/ namely a T ce ii 

T (e g , an anti-TC* antibody or 
agent le.g-r 

mitogen); and ^ by inj ection 

, d) introducing into .an ^ ^ 5tep 

or plantation, , the t cells) 
tc) (which comprise CD4 

ti ng regulatory Th3 cells and 
Th e methods or generating ^ my be used 

o£ regulating T cell-mediated autoiimun e uveitis, 

to treat autoi-une "'J. The methods of the 

in humans and other animal - Mit h 

— r rsupressortCeepincheChost 
transplantation, to F £t rejection. 

. „» responses responsible for g H _ 
immune respo invention, 'he 

In all -etnods of t £eiab ly in a 

staining -^«"\ "fT -e of about 30^00 
gj/ml. * P«ferred embodiment 
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.•on to provide an in situ 

concentration of at lea requ iatory Th3 cells 

tissue site in «M<* o< «,» ^ 

. , i e in the immediate vicinity 
is desired, i.e., ^ insta nce, in the case of 

treated, primed T cells. ^ ^ - t 

— * seif r:t:\Ci:::: n ^ — 

ma y be sufficient to use F 

When P r-ed T ce ^ TGF „ 

an ti g en ^ a composite ™ » • 

p2 , the TGF-P2 is P^ - in . conoentratlon 
relea se delrvery ven.c! . P ^ 

uit hin the - n ° centration elective to achieve a 

TGF - P2 1. used » a conce ^ ^ ^ 

final concentration of about 

environment of the primed T ce .. ^ ^ 

Conditions suitable for con ditions could 

■ art. For instance, the 

ptlmed T cells m 

lnclude culture the a MSB substantially serum- 

t cell culture medium - incabated at 

f «e one. The treated c£ ^ ^ o£ 

abou t 3rc. for an — >° ^ about 24 hours. 
a bo»t 18-24 hours, more P ^ 
Exemplary conditions may 

Examples I, II, and III- generating 

4.-~« also encompasses a kxx. 
The invention also e P regu lating 

antigen-specific regulatory T eel . ^ c 

nl elated inflammation, comprising. 

T cell-mediated in , rtic le of manufacture 

antigen; (b) ct-MSH; and (c) » ^ ^ ^ 

comprising instructions on o regU latory T 
(b) to generate TGF-p-producing, CD4+/C 
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tn be recognized by 
CU.. - specie ^ sired , and £M 

: r: i3 z~ — - - — e rrr; 

• Q ^ t cells toward a TGF p 
^- „«■ the development primed T ceiis 

■ C D 4 + /CD25 + Phenotype, preferably an amount 

produce, CD4 + /CD2 P fcration in the range of 

sufficient to give *^ lc ft moIar equiva lent 

ab out 30-100 pgMl of whole ^2 ^ of a _ mRf 

amo unt of an a-MSH receptor b - P o 
during exposure of T cells primed 

antigen. TrF _B2 in an amount 

The kit may further comprise TGF P 2 

. rp the development of the a-MSH-treated 
effective to enhance the devei p rn4+ /CD25+, 

. , m C ells into TGF-e-producmg, CD4 + /CD25 
primed -L ucx 

disorder or ^ ^ inventlon 

transplantation recipient. P a graft 

. a method for down- regulating 
encompasses a recipien t, comprising: 

.ejection response m a graft rec p ^ 

(a) transfecting a graft tissue 
genetic material for expressing a MSH 
graft; and 

(b) IpianUn, the tranced graft ««- (a, 

into a recipient animal. 

.hod for down-regulating an autoimmune 
Another method for 9 compriseS 

4„ a tissue site m an animai, 
response m a txss expressing a-MSH, 

directly injecting genetic material for expre 
into or near an autoimmune-diseased tissue. 
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thod ******** » aotoi " une 

vet another an aniBal , comprises: 

te s P onse in a tissue sxte^n a ^ ^ tlssue 

harvesting a tissue 
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. the harvested tissue sample «th 
(b) transfectxng the 0 _ MSH; an d 

oenetic material tor e P ^ ^ 

(c , implanting the transfected 

th e animal. applications, one may also 

In terms of gene therapy app ^ host -,ersus- 

co ntrol an autoi-»e disorder ^ ^ genet ic 

graI t ruction » «a ^ contain3 th e - 
serial coding for an " Une that is involved 
MS „ tripeptide of lyxn Insert ion o £ such 

ln b inding to the a-MSH receP 

g enetic materiel coul ^"^.^ted induction o £ 
o£ the primed T cell and 

regulatory I the art will appreciate 

on e of ordinary s.rll > ^ ^ b e 

::ri or *— t «^r ta . _ — - - 

wh ile the t . inV ;; e£erred emb odiments. one of 

conjunction with certain pref ^ £Qregoing 

ordinary .UU in the art change s 
sp e=ification, »iU »» ^ ^ other derations to 
SUD stitutions of set £ort „ herein, without 

the compositions and methods * „ is 

departing from the sprrxt o ^ by 

therefore fended t« * ' ^ definl tions 

otters .atent hereon b e :t e ^ equlvalents 
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What is claimed is: 3ntia en-specif ic regulatory 

CD4+/CD25+ T cells that P 



25 



Factor 0 (TGF-f» , comprising: ^ ic 

e.posin, CD3-ic h e d cells ano 

an _ --^f 1 ^^ w - P^a , 

specific antigen is an antxg 

cells. 

• .ntiaen-speciEic, regulatory 
CD4+/CD25+ T cells that p 

Factor p (TGF-P) i comprise ^ & T 

rr>3-enriched, primeu 
exposing CD3 en agent in the 

_ y~ / TCR )-crosslinlcing y 
cell receptor (TCK) Qr Qf an a _ 

presence of an effective amount of « 
MSB receptor-binding portion of cx-MSH - 

■ i or 2, further comprising, 
3 . The method of claim first exposur e step 

approximately 4-6 hours afte ^ ^ ^ an 

has begun, additionally exposm - J ^ 
elective amount of Transform^ Growt 



P2> 
4. 
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• t wherein the exposure to TGF 
The method of claim 3 wherei ion , an 

w . red by including m the 
p2 is achieved by timed . rele ase delivery 

effective amount of TGF pz 



vehicle . 
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n . i or 2, wherein the exposing 
5- - th ° d ° f vitro under T cell culture 

step is Performed an vitro 

conditions. 

, • i wherein the exposing step is 
6 The method of claim 1, wherei 

5 performed in vivo in an animal. 

, an autoimmune response 

or other T cell-mediated 
comprising: ^ animal; 

(a) harvesting T ceii O „ 1llat ory T cells by 

, ■ „ TCF-B-producing, regulatory 
{b , inducing TGF (3 P r ^ to a 

t-hp harvested 1 ceiiD 
exposing the oondl tions 

specific antigen under ^ pri , a 

enabling sti.ulat.cn of ^ 
memory T cell that specially 

antigen. „ itro to a 

(e) exposing the p.— ° ^ o£ . 

specific antigen m ^ o£ 
composition comprising an 
alp ha-Melanocyte Stilting Hormone « » 

in the presence of 

cultur e condition, « ^ 
animal, primed T celts 
with step (c) • 

... (c ) further 

comprises the addition of an ^ ^ 

approximately 4-6 hours after the 
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" . d , ceUs to «- antigen - ~ ' 

of the primed T cei 

HSH. 

, . , or wherein, between steps 
9 . Ih e method of *"» 7 ° treate d in accordance 

«•> and w \ u *«r^- - cM+/cD25t ' 

with step lO are 
producing T cells- 

. 7 or 8, wherein the TCR - 
10 . The method of Clal ™ onocl0 nal antibody- 

crosslink agent is an ant, 

. 4-he TCR- 
. n or 8, wherein the 
u . The method of cU- Miected £rom ^ 

crosslinking agent is 3 conca navalin-* ' 

consisting 01 • (PWM) ■ 

sr0UP • •„ (EHM; and pokeweed mitogen 

phytohemaggWtmm (PHW 

. , 2 or 1. « herein ^ 
12 The method of clarm , ^ ^ recepto r-binding 

e£f ective amount of a-«SH or ^ an , 

portion therof, is an amount ^ „ pg/ml „f 
I itu concentration of a -t^ ^ ^ _ ^ 
„ ho le a-«SH or a »"« « ^ the mediate 

re ceptor-oinding d „ ring th e easing step, 

vicinity of the primed T ceU 

. , 2 or T. « herein 
The method of cia^ ■ ■ ^ receptot _ bind ing 

e££ ective amount o a-MS ^ 
portion thereof, is range of 

in situ concentration m lclnity 
an m 3 /ml in the immediate v 

approximately 30-10C > P g step . 

of the primed T cel. ^« the eff ective 

14 . The method of claim 3 or 
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mt sufficient to produce an in 
amount of T GF -P2 » « ^ lia- within the range of 
situ TGF _ p2 concentration that q£ the 

approximately ^.^^ steP . 
primed T cells during the ex P 

n . 3 or 8, wherein the effective 
15 . The method of claim 3 fco produC e an in 

. nf TGF-&2 is an amount sufti . n 
amount of TGF p approximately 5.0 ng 

s . tu TGF _ p2 concentrate t ^ durxng the 

the mediate vicinity of the P 
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expuo- 1 - 1 ^ 

, , 3 ,, .r «, "herein the c- 
16 . The method of clain ,1. . ' £ lyslne - 
MS „ receptor-binding portion 
proline-valine. 

, , 7 or 8, "herein the 
„. The method o£ . : the t cells in vitro 

exposing step comprises ***** at 
wl I h the specific «^ £ „ lthin the range of 

«— ^ ^ ^ tantiaUV Set "" £ree 

approximately 18 ^ 

T cell «lture conditions. 

, „ wherein the substantially 
18 . Th e method of el.- - RpMI 1640 , an 

, . 6 , 24 , 25, or 26, wherein the 
19 . Th e method of claim , - ^ ^ . cat , a 

animal is a human, a mouse, 
rabbit, or a horse. 
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20 . 4 kit « g— — T 

cells, comprising: 

(a) a specific antigen; 

(b) a-MSH; and manU facture comprising 

^ - artiCl l to use components (a) and (b) 
instructions on how to cd4+ /CD25 + , 
to generate TGF- P -producmg, 

regulatory T cells. 

. 20 further comprising: (d) TGF-^2, 
21 . The Ut of : anufacture further comprises 

instructions lot usin 9 

. 20 -herein the specific antigen 
22 . The tit of oU- 20. disotde£ . 
comprises a target molecule of 

, .« 22 wherein the target molecule is 

23 . The tit of claim 22. wh MnsisU „g of: a 

. memher selected from t*e * _ ^ ^ 

gly coprotein; a protein. acld polyp eptide : « 

carbohydrate morety. 
antJ a whole microorganism. 

thod for dovn-regulating a graft reaction 
24 . r method to comp rislng: 
response in a graft recipient co P ^ ^ ^ „ ith 
"ansfecting a , ^ ^ in 3ald 

genetic material 

graft; and step (a) 

the transfected graft r 
(b) implanting the w 

into a recipient animal. 
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T cell -mediated 

2 , A «« site in an an im al, 

autoim ne response „ . ^ £o r 

comprising directly iro autoim ™ne-diseased 

tissue site. 

= T-cell-mediated 

, fnr down-regulating a T cex 

26 . A method for 9 ^ ^ &n animal , 

autoimmune response m a 

comprising: 

(a) harvesting a tissue 

the animal. 
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from the tissue 



(b) 



(c) 
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. a T cell-mediated autoimmune 
27 . A method of suppressing a c 

graft section response in an an-, eo P ^ ^ 
(a) sys temically pectin* * receptor _ bindin g 

portion thereof ; and ^ level of 

(b) measuring the 
CD4+/CD25+ T cells. 

, • 01 wherein the effective amount 
2B . The method of claim 27, wh . g 

« msh receptor-binding P° il - 
of a-MSH or an «-MSH P periph eral blood 

an amount sufficient to produce a pe P ^ ^ 

* =4- lpast approximately j« 
concentration of at least PP an a . MSH 

a-MSH or a molar eguivalent concentration 
re ce P tor-binding portion of a-MSH . 
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or suppressing * n 
2 , A »et*od - ^;:; ctlo „ response in an 

aut oi— e disorder or a ,r ^ ^ animal ul th 
a ni»i bv transiting a c ^ also 

coding tox - 

««Ptic material 

9 i: P r iS es .va^roUne-vaUne. 

. 24 26, or 29, "herein the 
30. The -tnod o £ ^--^4,^ ^ ^ 
transfecting step J- 



transiei.i.j.»3 
transfection technique. 



■ection - 

• 2 4 26, or 29, wherein the 
3 , V**"**.^^ using a —1 
transfecting step w 



transfection technique. 
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